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Minuteman, a three-stage solid propellant intercontinent: 
missile, is moving through its early development and te: 
programs on or ahead of the time schedule originally set fori: 
This advanced ICBM, the fourth in a family of four Air For: 
ballistic missiles, is designed to be fired automatically from unde: 
ground silos or mobile launchers. Minuteman will be constant 

at ‘‘ready”’ giving America an almost instantaneous retaliatoy 
capability for defense e The Minuteman concept developed earlyi'| 
1957 when Space Technology Laboratories conducted a study«'| 
the characteristics of second-generation missiles to satisfy the 
requirements of the Air Force Ballistic Missile Division. STL provide 
over-all systems engineering and technical direction for Minutem 
as it has for the Atlas, Titan, and Thor programs. The application¢’ 
compatible components, systems, and experience developed through ti 
years is bringing Minuteman closer to the threshold of operation 
capability e Among the industrial organizations developing Minutema 
are such major contractors as: Boeing Airplane Company for assembly ani 
test; Thiokol Chemical Corp., Aerojet General Corp., and Hercult) 

Powder Company for engines; Autonetics, a Divisionof North American Aviatio| 
for guidance; and Avco Corp. for re-entry vehicle 


USAF weapon 


~ 


system in 


development 


Re 
To assure continued growth in these and related spatt| 
programs, STL is already projecting state-of-the-art advance 
five and ten years ahead. Outstanding scientists ani 
engineers with unusual capabilities in propulsion, electronics 
thermodynamics, aerodynamics, structures, astrophysics 
computer technology, and other related fields and disciplines at 
invited to investigate positions at STL. Please send resumes tt 
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1960 Octave Chanute Award Presented to FAA Flight Test Engineer 
Second ICAS Congress Scheduled for September in Zurich 


Where do we go from here. . .2 


Support Systems: Part I—Scope and Techniques 
Today’s Aerospace Engineer appreciates their value and cost. But is he familiar with their 
derivation and provisioning procedures? 


Sonic Boom—Limitations on Supersonic Aircraft Operations 
A serious problem that must be taken into operational and design considerations; altitude is the 
best solution. 


Prediction of Flexibility and Natural Modes of Low Aspect Ratio Wings Using 
Stiffness Matrices 
Stiffness matrices previously developed are used in the analysis of complex wing structures. 


Heat Protection by Ablation 
Basic questions have been raised concerning what properties to look for in ablation systems for 
accomplishing different tasks. 


Refractory Materials: Part ll—High-Temperature Behavior 
The present fairly elementary developmental stage may be expected to advance 
considerably in the next few years. 


Departments 


IAS News, General 95 Special & Fairchild Fund 
Necrology Papers 

Meet the Staff 96 _ IAS Papers 

News of Members 98 IAS Corporate Members 


Corporate Member News 
IAS Section News 


Reviews 


100 Books 
103 Personnel Opportunities 


International Abstracts 104 Index to Advertisers 


July 1960 + Aero/Space Engineering 


¢ 
j 
“The prestige magazine 2 
} 
* 
— 
i 
) 
E 
22 
4 = 
= 


July 1960 


ineering 


Aero/ Space Engi 


4 


News 


. arecord of people and events of interest to Institute Members 


1960 Octave Chanute Award Presented 
to FAA Flight Test Engineer 


Joseph J. Tymczyszyn Cited for Contribution 


to Jet Transport Certification Program 


a OcTAVE CHANUTE AWARD of the IAS, given annually for a ‘‘notable con- 


tribution made by a pilot to the aeronautical sciences,”’ 
to Joseph J. Tymezyszyn, Flight Test Engineer and Pilot for the 


Aviation Agency. The award, which 
cited Mr. Tymezyszyn ‘for notable 
contribution in the inauguration of the 
jet age through outstanding flight test 
activity in the certification programs for 
the new jet transports,’’ was made at 
the Institute’s National Summer Meet- 
ing in June. 

A test pilot for the FAA (and CAA) 
for 12 years, Mr. Tymezyszyn has for 
the past 2 years been assigned exclu- 
sively to the testing of jet transports— 
beginning with the first American jet 
transport, the Boeing 707-120, and 
most recently the Douglas DC-S series. 
He has spent many hours of his own 
time conducting flight tests for and 
working out solutions to unprecedented 
and unanticipated problems. 


Pilot and Engineer 


Born August 12, 1918, in Wilkes- 
Barre, Pa., Mr. Tymezyszyn attended 
the University of Denver, completing 3 
years of aeronautical engineering while 
working at flying school to obtain 
training for a commercial flying license. 
He also completed acrobatic, cross- 
country, apprentice-instructor, and in- 
structor training courses under the 
Civilian Pilot Training program. He 
served as a flight instructor in CPT 
primary and acrobatic courses prior to 
entering the Air Force in 1942, where he 
served as a civilian advanced twin-en- 
gine (AT-9) flight instructor until com- 
pleting all Air Force training and in- 
structor courses and receiving his com- 
mussion with a Pilot rating. He served 
during World War II, first as an in- 
structor and later as flight-test engi- 
neering and maintenance officer and 


has been presented 
Federal 


Joseph J. Tymezyszyn 
1960 Octave Chanute Award Winner 


pilot, flight testing various combat air- 
craft. 

Returning to civilian life, Mr. 
Tymezyszyn entered the University of 
Washington to complete requirements 
for his B.S. in Aeronautical Engineering. 
During this 2-year period he worked at 
the University’s 8 ft. X 12 ft., 250- 
m.p.h. wind tunnel on aerodynamic tests 
of advanced design aircraft. 

Joining the Civil Aeronautics Admin- 
istration upon graduation (1948), he 
served as a project test pilot for CAA 
Region V for 4 years before being trans- 
ferred to the Los Angeles office. He has 


served as test pilot for well over 40 
projects—among them all or major por- 
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tions of the jet transports previously 
named, the Lockheed 1649 Jetstream, 
Lockheed’s Super Constellation series, 
Douglas DC-7B, 7C, and 6B series, and 
Convair 340-440 turboprop modifica- 
tions. 


Jet Certification 


The coming of the jet age in civil 
aviation produced a certification prob- 
lem with the need for a new set of 
performance regulations and the crea- 
tion of difficulties not before covered by 
regulations. Mr. Tymezyszyn’s efforts 
have contributed greatly to the success 
of the certification programs for the 
new jet transports. 

The nature of his position requires, 
in addition to quantitative testing, a 
qualitative evaluation of an airplane’s 
eligibility for civil certification. With 
difficult timing as an important consid- 
eration, Mr. Tymezyszyn’s professional 
approach and independent thinking 
have qualified him for his assign- 
ments. He has, moreover, recognized 
the importance of conveying sound in- 
formation to personnel concerned with 
operating the aircraft. 

Mr. Tymezyszyn is an Associate 
Fellow of the Society of Experimental 
Test Pilots, and was the 1958 recipient 
of their Iven C. Kincheloe Award 
for Outstanding Pilot Achievement. 
Holder of an airline transport rating, as 
well as commercial, instrument, in- 
structor, and seaplane ratings, he has 
logged over 7,300 pilot hours, 2,800 of 
which are test flight hours. 


The Award 


The Chanute Award, consisting of a 
certificate and honorarium, was estab- 
lished shortly after the founding of the 
IAS. It honors the memory of a United 
States pioneer aeronautical investigator 
who died in 1910. Last year’s winner 
was Jobn P. Reeder, Chief of the Flight 
Operations Branch, Flight Research 
Division, NASA Langley Research Cen- 
ter. Mr. Reeder was cited ‘‘forextended 
and significant contributions to air- 
craft flight research, with particular 
reference to the safe operation of heli- 
copters during the landing approach 
under adverse weather conditions.”’ 
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FORCE 


SARGENT 
FACILITIES 


Research 
Design 
Development 
Testing 
Qualifying 


-SYSTEMS 


With 38 years acceptance Sargent builds precision linear and 
rotary hydraulic, pneumatic, mechanical and electronic systems 
of force control to meet successfully the increasingly high require- 
ments of marine, aircraft, missile, petroleum and industrial use. 
From original idea to finished product -SARGENT. 


Manufacturing SARGENT 
including — “UILDS 
Machining & Grinding ; Servo-Systems 
Heat Treating, alltypes = Hydraulic Systems 


Plating, all types 


“GOOD WILL” is the disposition of 
the pleased customer to return to the 
place where he has been well treated. 


— U.S. Supreme Court 
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Hydraulic Motors 
Pneumatic Cylinders 
Pneumatic Valves 

Ball Screw Actuators | 
Gear Actuators 

Gear Accessory Boxes 
Electronic Systems 


Since 1920 


ENGINEERING CORPORATION 


MAIN OFFICE & PLANT, 2533 E. FIFTY-SIXTH ST. 
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Aasitionar plans for the Second In- 
ternational Congress of the Interna- 
, tional Council of the Aeronautical 
Sciences (ICAS) have been completed 
by the Executive and Arrangements 
Committees. The technical program 
for the Congress was announced in the 
Green Sheet of AERO/SPACE ENGINEER- 
ING’s June issue. The meeting, spon- 
sored by scientific societies of 24 
nations, will be held September 12-16, 
1960, in Zurich, Switzerland. 

The technical program, to open with 
the Daniel and Florence Guggenheim 
Memorial Lecture, is made up of ses- 
sions on Hypersonic Flow; Boundary 
Layer, Transonic and Supersonic Flow; 
Fatigue of Materials; Aerothermochem- 
istry; Nonstationary Transonic Flow; 
Air Transport; Magneto Fluid Dy- 
namics; Structures and Fatigue; Flows 
With Chemical Reactions; Aeroelas- 
ticity; Entry From Space; Aerospace 
Medicine; and Space Flight. All tech- 
nical sessions will be held in Grdésser 
Horsaal fiir Experimentalphysik of the 
Eidgendéssische Technische Hochschule 
(ETH). Interpreting equipment will 
be provided at all sessions, with papers 
presented in the three languages of the 
Congress—English, French, and Ger- 
man. Plans call for publication of 
papers and discussions in the form of 


Jakob Ackeret 


xes 


HH ST. 


Second ICAS Congress Scheduled for September in Zurich 


Societies of 24 Nations to Share Technical Data, Other Activities 


is 


Theodore von Karman 


proceedings, as well as having pre- 
prints of individual papers available at 
the meeting. 

Dr. Theodore von Karman, President 
of ICAS, will preside at the meeting. 
The program and arrangements for 
the Congress have been organized by 
committees chairmanned by Maurice 
Roy, Director of Office National d’ Etudes 


Manfred Rauscher 
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et de Recherches Aéronautiques, and 
Dr. Manfred Rauscher, Professor, ETH, 
and President of the Swiss Aeronautical 
Society. The Guggenheim Lecture, 
“The Role of Entropy in the Aerospace 
Sciences,” will be delivered by Jakob 
Ackeret, Professor, Institut fiir Aero- 
dynamik, ETH. 

Arrangements are also being made for 
a more social side of the Congress. 
Wives of some of the members of the 
Swiss Aeronautical Society are plan- 
ning activities for the ladies. On the 
evening of Friday, September 16, a 
banquet will be held in the Convention 
Hall in Zurich. In addition, since no 
sessions have been scheduled for 
Wednesday afternoon, September 14, the 
Committee has chartered a boat for a 
3-hour sail on Lake Zurich. Tickets 
for the banquet and boat ride will be 
available to delegates at the meeting. 

The Swiss Aeronautical Society, as 
hosts for the Congress, are providing 
the facilities at ETH and the necessary 
staff to man the meeting. Additional 
financial support for ICAS is derived 
from the Daniel and Florence Guggen- 
heim Memorial Fund of the IAS. 
Members wishing to attend may apply 
directly to the ICAS Secretariat, at- 
tention of Robert R. Dexter at IAS 
headquarters in New York. 


Maurice Roy 
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Igor Sikorsky, [AS Founder Member and Honorary Fellow, 
Delivers Second Gardner Lecture 


Basing his discussion on highlights of 
his aviation career which now spans 51 
years, Igor Sikorsky, IAS Honorary 
Fellow and Founder Member, delivered 
the Second Lester D. Gardner Lecture in 
the Kresge Auditorium of Massachusetts 
Institute of Technology on April 14. 

The lectures, initiated last year by 
Grover Loening, are made possible by a 
bequest of the late Major Gardner to 
sponsor annual lectures on the history of 
aeronautics. Lester Gardner, an 1898 
graduate of MIT, was the Founder of the 
IAS and a dedicated aviation enthusiast 
until his death in 1956. 

Mr. Sikorsky recalled that ‘‘in 1909 
aeronautics was neither an industry nor 
even a science; it was an art and...a 
passion. Money earned by demonstra- 
tion flights and winning of prizes was not 
considered an objective in itself. It was 
regarded only as a means of pushing for- 
ward the miraculous art of flying.” 

Turning from the past to the future, 
Mr. Sikorsky visualized use of the crane 
helicopter with airliners to bring un- 
precedented speed and convenience to air 
passengers. Citing several applications in 
which these units may work together to 
accomplish a variety of missions, Mr. 
Sikorsky suggested that one such mission 
may be carrying comfortably-outfitted 
pods that can be loaded with passengers 
and their luggage in the heart of a city 
and delivered by a crane helicopter to the 
end of a runway to a waiting long-distance 
jet airliner into which the passengers 
could be transferred comfortably and 
quickly. The procedure would be re- 
versed upon arrival at destination. An- 
other possibility suggested by Mr. Si- 
korsky was the launch and lowering of a 
24-passenger jet liner by crane helicop- 
ters, permitting trips by air directly from 
the heart of one city to the heart of 
another. 

Mr. Sikorsky built and attempted to fly 
helicopters in his native Russia as early 
as 1909. Temporarily abandoning this 
field, he turned to fixed-wing aircraft. 
He came to the United States in 1919, and 
four years later established the Sikorsky 
Aero Engineering Corporation. Here he 
worked with large airplanes, leading to the 
development of the flying boats which 
made possible commercial flying across 
both oceans. In 1939, he returned to 
helicopter designs and built and flew 
the first successful helicopter in the West- 
ern hemisphere. 

In 1929, Mr. Sikorsky’s company be- 
came a division of United Aircraft Corp., 
with Mr. Sikorsky as Engineering Man- 
ager. Since his retirement in 1957 he has 
served as consultant on such advances as 
the use of turbine power and crane con- 
cept for helicopters. 

Mr. Sikorsky holds the John Scott 
Medal awarded by the City of Phila- 
delphia (1939), the Potts Medal of the 
Franklin Institute (1933), the Sylvanus 
Reed Award of the IAS (1943), the Gug- 
genheim Medal (1951), and the Collier 
Trophy (1950). In addition, he received 
the James Watt International Medal in 


Igor Sikorsky 


made a Chevalier of the French Legion of 
Honor. He is an Honorary Fellow of the 
Royal Aeronautical Society. 


Sacramento 36th Section 


The Sacramento Section of the Institute 
of the Aeronautical Sciences held its 
inaugural meeting on April 26. The 
dinner meeting was preceded by a social 
hour sponsored by Aerojet-General Corp. 

IAS President Donald L. Putt wel- 
comed the new section, the Institute’s 
36th, presenting Chairman Russell D. 
Archibald with an IAS charter. Follow- 
ing a brief business meeting for formal 
adoption of a constitution, George Stoner, 
Dynasoar Program Manager for Boeing 
Airplane Co., addressed the gathering. 
Mr. Stoner discussed “The Effect of 
Innovation on the Next Decade of the 
Space Age,’’ presenting comments and 
theories on possible methods for advancing 
the state of the art. 

This addition to the Institute’s grow- 
ing number of sections is composed of 80 
engineers and scientists in the aerospace 
field, most of whom are former members 
of the San Francisco Section. Temporary 
officers, appointed by a steering com- 
mittee in March to hold office until the 
June business meeting, were as follows: 
Russell D. Archibald, Chairman; E. P. 
Eales, Vice-Chairman; Roger D. Entz, 
Secretary; and Luther Lee, Jr., Treasurer. 


Douglas Officer Retires; 
Management Personnel Reassigned 


The recent retirement of Arthur E. 
Raymond, HFIAS, as Senior Vice-Presi- 
dent—Engineering, Douglas Aircraft Co., 
after 35 years with the company, has 
effected a realignment in the company’s 
engineering management. Edward F. 
Burton, FIAS, formerly Vice-President— 
Engineering, Transport Aircraft Systems, 
succeeds Mr. Raymond with the title 
of Vice-President—Engineering. Mr. 
Burton is assisted in technical matters by 


England (1955), and earlier this year was Elmer P. Wheaton, AFIAS, formerly 
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Vice-President—Engineering, Missiles and 
Space Systems, and in administrative 
matters by R. L. Hoskinson, recently 
Director of Flight and Testing. In an. 
other change, Edward H. Heinemann, 
MIAS, Vice-President—Engineering, 
Combat Aircraft Systems, has been named 
Head of the company’s European opera- 
tion. Mr. Heinemann is a member of 
AERO/SPACE ENGINEERING’S Editorial 
Advisory Committee, Design, Structures, 
and Materials Panel. 


Chanute Award Winner Joins 
Aviation Consultant Firm 


Ernest A. Cutrell, 1946 winner of the 
Octave Chanute Award of the IAS, has 
joined the aviation consultant firm of R, 
Dixon Speas Associates. Mr. Cutrell, 
one of the nation’s leading authorities on 
development of all-weather operations 
for transport aircraft, was cited ‘‘for out- 
standing achievement in flight testing 
and developing instrument landing equip- 
ment and techniques contributing to im- 
proved performance of instrument flying.” 
Mr. Cutrell was previously associated 
with American Airlines, Eastern Air 
Lines, and the United States Air Force. 


Air Safety Seminar 


The Flight Safety Foundation, in co- 
operation with Aviation Crash Injury 
Research, will hold its 13th Annual Inter- 
national Air Safety Seminar November 
14-18, 1960, in Phoenix, Ariz. 

IAS Director S. Paul Johnston is a mem- 
ber of the Foundation’s Board of Directors, 

(IAS News, Continued on page 48) 


Necrology 


Bella C. Landauer 


Bella C. Landauer (B), who in 1940 
made her first gift to the Archives of the 
Institute of the Aeronautical Sciences, 
died at her home in New York City on 
April 23. She was 85 years old. 

Over a period of years, Mrs. Landauer, 
a collector of printed matter, donated to 
the Institute a series of aeronautical 
music, trade cards, book plates, pictures, 
books, dime novels, medals, and medal- 
lions, making up one of the most com- 
prehensive collections of aeronautical art 
in existence. She was made a Benefactor 
member of the IAS at the Honors Night 
Dinner in January, 1941. 

Reginald E. Gillmor (AF) 
April, 1960, Coral Gables, Fla. 
Ivan Grzetic (A) 
February, 1960, San Diego, Calif. 
Harvey Hochman (A) 
April 23, 1960, Stratford, Conn. 
Herman T. Kraft (M) 
April, 1960, Akron, Ohio. 
Harold F. Pitcairn (A) 
April 23, 1960, Philadelphia, Pa. 
Leonard J. Waxer (A) 
March, 1960, Dorchester, Mass. 
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EXCESS HEAT’S A STRANGER ON NEW 
BELL RANGER WITH RELIABLE HARRISON 
OIL COOLERS ON THE JOB! 


Whether it’s a swift lift or a long haul . . . the new Bell Ranger comes 


n 1940 
of the through with dependable performance. And Harrison keeps engine 
"ences, 
‘ity on | oil temperatures steady for safe, sure flights. Wherever Bell 
idauer, helicopters go—over mountains, marsh, jungle or desert—you'll 
autical find Harrison oil coolers on the job, guarding vital temperatures. 
par Harrison—with a half century of experience in the 
sol a a heat-transfer field—is your assurance of top-quality products 

3 arrison ircra . 
or Coolers—Another Reliable that are researched, designed and tested for proven reliability. If 
; Night Product of General Motors 

— you have a cooling problem, rely on Harrison for the answer. 

a. 
S mace To 
ARRISON 
em AIRCRAFT, AUTOMOTIVE, MARINE AND INDUSTRIAL HEAT EXCHANGERS 
—_— HARRISON RADIATOR DIVISION, GENERAL MOTORS CORPORATION, LOCKPORT, NEW YORK 
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EXPANSION OF THE AERONAUTICAL ENGINEERING 


@ non-linear dynamics 


1960 
1950 
Subsonic Jet 
Airplane VTOL e 
Design 
M=3 Airplane eo 
= 
Propeller Driven Supersonic Rocket 
Airplane Missile Booster eee 
@ aerothermodynamics ®@ aerochemothermodynamics 
@ ideal fluid flow e compressible flow ®@ hypersonic flow & airfoil theory 
@ low-speed airfoil & wing | @ shock waves ® rarified gas flow 
Theoretical theory @ transonic theory @ real gas effects 
Aerodynamics @ incompressible viscous e@ supersonic airfoil & wing | ® magnetohydrodynamics & plasmas 
flow theory @ diffusion 
turbulence compressible, viscous flow | ablation & evaporation 
®@ boundary layer stability ® non-stationary aerodynamics 
@ sub-trans-supersonic lift, @ hypersonic lift, drag, & moment 
@ low-speed lift, drag, & drag, & moment @ hypersonic performance, 
moment @ sub- trans- supersonic stability & control 
@ low-speed airplane performance @hypersonic wind tunnel testing 
performance @ sub- trans - supersonic ®@ variational techniques 
Applied e low-speed airplane stability stability & control @ dynamic performance 
Aerodynamics & control @ sub-trans- supersonic @\V/STOL performance 
@ low-speed wind tunnel wind tunnel testing @V/STOL stability & control 
testing helicopter performance celestial mechanics 
@ linear constant parameter | @ helicopter stability & @ inertia coupling 
dynamics control @time varying parameter dynamics 


@random processes 


@ internal combustion engines 


@ compressors 
@ gas turbines 


®combustion processes 
@solid fueled rockets 


@ electrical propulsion 
propellers ram & pulse jets @ nuclear propulsion 
@ liquid fueled rockets @high temperature material 
@ advanced shell theory 
@ stiffened shells 
e@ elementary shell theory @ elasticity & plasticity 
strength of materials @ elastic & plastic stability 
aeroelasticity 
Structures e@ fundamental elasticity @ pressurized structures 
e trusses & beams ® solid state physics 
@ flutter fatigue 
@ structures at high temperatures 
sandwich construction 
@ servo theory @ analog & digital computers 
Guidance ' @ autopilots 
& @ Qeronautical instruments stellar guidance 
Control @ inertial guidance 
radio & radar guidance 


@ adaptive controls 
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EDITORIAL 


L. a recent meeting of the Advisory Council of the 
Department of Aeronautical Engineering of Princeton 
' University, Dr. Courtland Perkins (now on temporary 
"leave to the USAF) showed us a chart that had been 
_ made up for use in a presentation to President Goheen 
to point up the increasingly complex requirements 
levied against education in the Aerospace Age. The 
chart paralleled our own programing problem so closely 
that we thought it worth while to secure a copy. It 
is reproduced here with departmental permission. 

More than 5 years ago it became evident that we 
were entering a period of very rapid technological ex- 
pansion. We did not quite foresee the “‘explosion”’ 
that actually took place, but we were certain then that 
the situation was far from static. We recognized that 
methods that were used in the past to keep up with, 
and ahead of, the march of scientific events were no 
longer satisfactory. It had always been customary to 
call upon specialists in our several fields of interest for 
advice on programing and on editorial matters, but as 
time went on it became more and more difficult to 
keep informed on the professional interests of knowl- 
edgeable people, not to mention their location. 

When we revised our Constitution in 1958, we adopted 
the device of “Aerospace Technology Panels’’ to help 
remedy this situation. In essence, these panels con- 
sist of selected groups of experts in particular fields who 
have agreed to act as advisers in their specialties to any 
TAS planning group. (See Editorial, March, 1960, 
issue of A/SE.) Panels have no collective planning 


| 


or executive functions. It is not expected that all 
members of any panel will ever be required to meet as 
a group. Each panel chairman will, however, keep 
in touch with individual members (by phone, by carrier 
pigeon, or by bouncing signals off the moon) on ques- 
tions that may be put to him by IAS program planners 
or by the IAS Technical Services Director Paul Burr. 
One of the new TSD’s chief functions is to coordinate all 
panel activities. 

During the past several months much work has been 
done in delineating individual panel responsibilities 
and in filling up the available ‘‘slots.’’ In the August 
issue (along with the IAS Roster) the current mem- 
bership of all panels will be listed. The panels replace 
the older Advisory Committees listed in past IAS pub- 
lications. 

Both in terminology and in composition, all panels 
are extremely flexible. The present titles and the 
membership were approved by the Council at the 
meeting on June 29 in Los Angeles. As the overall 
field of aerospace technology changes (as it undoubtedly 
will in the next 10 years, judging from the picture of 
the last two decades in the chart opposite), both the 
field of interest of the panels and the roster of “experts” 
who man them will undoubtedly change. New sub- 
jects may be added; old ones may drop out. This is 
a part of the IAS policy of continuous modification of 
technical programs to meet the expanding professional 
needs of IAS Members. 

SPJ 
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Support—a Series 


Support Systems: 


Beal M. Teague, AFIAS, The Martin Company 


Bese cost of a support system for one of today’s ICBMs 
may represent as much as 50 to 80 per cent of the total 
cost of the weapon system. This seemingly high per- 
centage is used to buy facilities, ground support equip- 
ment (GSE), and ground operational equipment (GOE). 
Facilities: Installations such as buildings, substations, sewage 
disposal plants, and building heating and ventilating systems 
are typical facility items. Facilities are normally built in 
accordance with standard commercial practice and require no 
uncommon tolerances on power regulation, concrete strength, 
temperature, or other environmental conditions. Normally, 
facilities cannot be relocated in units or as a complete system. 
GSE: Equipment needed prior to actual countdown and launch 
is termed GSE. Included in this category are trailers for 
missile delivery, cranes for positioning the missile on the 
launcher, and trucks used to carry and load propellants. 
GOE: Equipment required in direct support of a missile during 
countdown and launch is termed GOE. Typical items in this 
category are checkout and launch control equipment, and 
launchers that support, guide, and rotate missiles for spin 
stabilization. 


Facilities, GSE, and GOE, then, encompass the total 
ground system required to perform all functions in 
support of an airborne system. The size of a launch 
complex is generally determined by the quantity and 
arrangement of GOE and GSE, and by the personnel 
requirements for comfort and efficient operation of 
equipment and the complex. 

One other commonly used term in the missile in- 
dustry is ground support maintenance equipment 
(GSME). This equipment is used to maintain the air- 
borne system while it is on the ground or to maintain 
the ground equipment. GSME is usually located at a 
maintenance or supply depot, although portable GSME 
may be used at the launch site. Typical GSME in- 
cludes electronic checkout equipment to verify the in- 
tegrity of ‘‘black-box’’ subsystems, mechanical equip- 
ment for flushing and cleaning engines, and lubrication 
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Part |— Scope and Techniques 


Mr. Teague, a past chairman of the Rocky 
Mountain Section of the IAS, is a Principal 


Martin-Denver, responsible for basing con- 
cepts of advanced design projects. He ob- 
tained his Aeronautical Engineering degree at 
the University of Alabama and joined Martin 
in Baltimore in 1940. The following 10 years 
he was active in structural and mechanic! 
design of military airplane lifting surfaces 
and control systems. Mr. Teague became in- 
volved in ground systems in 1951 when he 
joined Van Zelm Associates of Baltimore os 
Project Engineer for aircraft arresting gears, catapults, and associated 
devices. In 1955 he rejoined Martin in time to become responsible | 
for Titan mechanical system proposal and the ground support concept. He 
moved to Denver with the project in 1956 to set up and manage the 
ground support effort during the critical conceptual design engineering 
phase. Since January, 1958, he has been associated with new design 
activities for support systems. 


kits for periodic maintenance of missile mechanical 
joints. 

Industry today is well aware of the cost of support 
systems. Consider, for example, the comparison be- 
tween a meager support system for airplanes of Worl 
War II vintage and a complicated and expensive sup- 
port system required for a present ICBM. The cost 


of a support system for an ICBM may be several times q 


the cost of a single missile in the weapon system. i 
course, airplanes and many missiles do not require @ 
new set of equipment for each airborne vehicle, and the 
support system cost can be amortized over many units | 

Although the aerospace engineer today appreciates | 
the value and cost of support systems, he may not be 
familiar with their derivation and with provisioning | 
procedures. Some of the current techniques are pre 
sented in the following paragraphs. 


Derivation of Support Systems 


Industry today rarely identifies and sells the complete 
inventory of support system at the same time the ail 


Engineer in the Base Systems Department at 
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While the aerospace engineer of today knows that support systems are using an increasing portion of a weapon system 
budget, he may not be acquainted with such things as definitions of GOE, GSE, GSME, facilities, etc., and how these 
things are provisioned. Nor may he know how requirements for these support items are normally generated. This article 
provides some of these definitions, describes some of the typical provisioning procedures, and emphasizes the requirement 
that a support system be consistent with an overall logistics plan derived after a comprehensive operational analysis. The 
interrelation of requirements, plans, designs, etc., points out the obvious efficiency gained by identifying one contractor, 
preferably the airframe contractor, as the integrating support system contractor. It is important to note that support 
system design does not push the state of the art to the degree demanded by some of the modern airborne systems. Support 
system designed at this time should be more concerned with man-machine relations; importance of coordination and 
standardization of individual designs for color, power, structural factor of safety, and expected life; and environmental 
considerations. 

Techniques for selection of standard military equipment, commercial equipment, and special equipment are discussed. 
Time phasing for preparation of support system plan, provisioning, design, fabrication, and activation—in relation to 
the total weapon system readiness period—is reviewed. 

The overall state of the art in support systems is identified. Techniques available and used today by the aerospace sup- 
porl system engineer in several major categories—including underground installations, launchers, erectors or cranes, pro- 
pellant loading, launch control and checkout, fire fighting, umbilical lines, flame deflectors, transporation, etc.—are included. 


borne system is contracted. However, the basing con- The support system concept should define the entire 
cept is an indispensable part of the complete system plan logistic and maintenance plan for the operational 
and is usually part of the initial proposal. In most system. It should include the proposed method of 
cases, the customer identifies the basing plan. For in- transportation, flow of spares, levels of maintenance, 
stance, proposal requests may be issued to industry for number of personnel and their skill level, chain of 
a new missile to be fired from the wing of a specific command, communication network, commodity supply 
military airplane, from the deck of a Navy cruiser, or plan, etc. Fig. 1 illustrates a typical weapon support 


from a fixed underground installation. In other cases, system logistic and maintenance concept flow diagram. 
industry proposes basing concepts and weapon systems A diagram of this type helps the support system engineer 
toa customer in solution to a strategic or tactical mili- 

tary requirement. In both events only the concept is 

normally identified. Detail identification of support Figs Sew 

system equipment and facilities is left for development 


after the initial prime contract is awarded. Detail 


requirements can be identified only as the airborne 
system support needs are identified. DIV reeaie. 

Of course, the customer wishes that his airborne ; 
system could operate with little or no support system 
but, recognizing that there must be some bare minimum, SMSA SopeLy ON MAINTEN 
wishes to keep the cost low, the reliability high, and EY. ’ eae 
the personnel required to operate it at a minimum. ag 
Usually the customer will not, and should not, buy an SM‘ 
airborne concept unless he also buys a support system 4 DEPARTMENT OF DEF — 
concept. 


In some cases, however, the support system itself 
ismost important. For instance, if the prime require- 
ment for a weapon system is survival under enemy at- ee al 
tack, then it is vital to spend whatever money is needed ~ 
to build the support system that will provide survival 
for the weapon. Our underground “‘hard-based”’ 
ICBM’s are in this category. These fixed site missiles te) RACTOR ee 
are of little value unless they survive an enemy attack a sic CK | 
or take off before an attack 


July 1960 + Aero/Space Engineering 17 


i 
ry 
} 
: 
ee 
‘ 


SUPPORT SYSTEM | 
SPECIFICATIONS 
SUBSYSTEM 

PROCUREMENT AND 
ST SPECIFICATIONS 
SUBCONTRACTORS 


SUBSYSTEM}, 
SPECIFICATIONS 


Fig. 2. Flow of data and equipment. 


understand the need for equipment and facilities at 
all locations involved for an operational weapon. It 
pictorially shows the location of missiles and associated 
facilities and, when used with the actual distances in- 
volved, expedites determination of maintenance levels 
assigned to each area. 

Detail requirements for ground equipment usually 
develop during design of the airborne system. The 
proposal may have noted, for instance, that the missile 
would be fueled with liquid propellants of a minimum 
specific impulse. When the actual liquids are identified, 
certain temperature limits may be required at all times 
to prevent freezing or boiling. Then, and only then, can 
the type of equipment required for this purpose be 
identified. Perhaps the designer has a choice. Per- 
haps the shelter in which the missile is based already 
provides proper temperature control. If not, then its 
planned heating and ventilating equipment can be 
easily modified to meet requirements, or, at worst, a 
special piece of equipment can be provided to give the 
missile propellants their required environment. 

In many cases, ground considerations dictate airborne 
design. Reaction time may determine the type of 
propellent to use, or launch stand stiffness may in- 
fluence airframe structure. 

The important point is that a requirement for support 
equipment must be identified by the designers of both 
airborne equipment and ground systems. The support 
system designer considers this requirement and inte- 
grates it into a support system concept. At this point 
the support system designer plays his most influential 
role. He may be able to point out to the airborne 
system designer—for instance—that, were a hydraulic 
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actuator changed to an electrically powered screw jack 


an entire ground hydraulic power supply could )@ 
eliminated, and the electric power load could be ab. ie 


sorbed in an existing electric power supply during loy 
demand. 


Fig. 2 illustrates the flow of data and equipment. | i 


shows how the airborne requirements, the logistic play, 


and the operational analysis make up the master sup. 


port system plan. This plan usually defines the broai 


overall concept. A more detailed and specific suppor 7 


system specification is derived from the master plan, 


This specification gives quantitative data: It may Ml 


state that six 28+ 1/2-volt d.c. generators be provided 
or that the missile be hauled on one 6 by 6-ft. truck pe 
MIL-M-1090A, Type III mobility. From the sup 


port system specification comes a set of individual pm 4 
curement and test specifications directed at subcon. | 


tractors or at special skill design groups within the in. 
tegrating contractor’s own organization. The selected 
subcontractor for a specific subsystem, such as an air 
conditioner, then designs, manufactures, tests, and 


delivers his item along with engineering drawings ani F 
the system specification to his customer, the inte — 


grating contractor. The integrating contractor the 
installs and interconnects the subsystems and activate 
the entire support system for the customer. 


Support System Time Phasing 


As previously shown, a complete definition of support | 


system equipment and facilities is impossible before 
airborne requirements are known. Obviously, the ait- 
borne system cannot be used until its support systems 
manufactured, installed, and activated. Fig. 3 illu:- 
trates the relatively short time span available for de 


sign, procurement, manufacturing, and activation di ” 
the support system. The time may be even shorterii | 
the GSE is required in the factory as part of the manu: § 


facturing or laboratory test function. 
The support system designer is perhaps fortunate 
that he has comparatively few technical breakthroughs, 


generally a simple drawing system, and uses a maximul 7 
amount of standard military and commercial equipment ~ 


He must guard against unjustified airborne requiremet! 
changes that tend to delay and add cost to his ground 
system. He should question the weapon system gail, 


if any, in making the change. He is also fortunate it 7 


his ability to provide high structural safety factors and 
good reliability without worrying about a weight penalty 


on performance. Of course, the support system designe! | 
should always design for economy by efficient sele- | 


tion and arrangement of structural material; It 


should consider the cost of labor, as well as material | 


and liberalize manufacturing tolerances to the mat 
mum extent. His most important duty is to find way’ 
to eliminate himself from business by always questi 
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ing the requirement generated by the airborne system. 
The customer wants more weapons for his money; he 
does not really want to buy support equipment or 
facilities. He would like to drive up to the gas pump, 


Provisioning Procedures 


Provisioning of support systems in the past has been 
influenced by budgetary considerations. Facilities 
have, by tradition, been paid for from one budget and 
usually fall under the cognizance of the U.S. Army Corps 
of Engineers if the project is Army or Air Force, or 


' under the Bureau of Yards and Docks if the project is 


Navy. Facility design, by law, must be done at cost 
to the Government. The airborne system and the 
GOE-GSE, all being severable or mobile, are provided 
as part of the supply contract between the customer 
and the contractor. When fighting for time, a contrac- 
tor will resent the delays usually associated with the 
involvement of the customer’s construction agency, no 
matter how efficient that operation may be. Contrac- 
tors have been known to stretch the point and put 
wheels on what otherwise would be a facility and call 
it GSE, or to package a pumping station and mount 
it on skids just to speed up procurement and, needless 
to say, make a profit on its design. 

The customer, not having a detail identification of 
equipment and facilities when he awards a prime con- 
tract to a contractor, insists on approving these items 
individually before he contracts for their procurement. 
The contractor, as he identifies a requirement for a 
certain item of GSE should, therefore, present the 
recommended solution and a budgetary cost to the 
customer. The GSE must be consistent with the sup- 
port system plan and should not be of new design if 
standard or economically modified commercial or 
military equipment will suffice. 

A tool he sometimes uses is a description and utiliza- 
tion sheet (D&U sheet). This form states the problem, 
the recommended solution, and the quantity and loca- 
tion of the equipment required. From the D&U sheet 
may evolve formal contractual provisioning papers. 
Some of the quantity may be deliverable items—i.e., 
one is required as part of the operational missile sys- 
tem. Some may be nondeliverable—i.e., they may be 
required and used by the contractor in his factory or 
during his research and development testing program, 
and will never see operational use. Here again, budget 
dictates. A contract may distinguish between de- 
liverable and nondeliverable equipment. The con- 
tractor has no legal right to do detail design until he 
has customer approval. The customer, as well as 
the contractor, searches existing stock for equipment to 
satisiy the requirement. If there is no satisfactory 


JFMAMJJASOND 


| ARGORNE SYSTEM ‘ 
| SUPPORT SYSTEM DESIGN 2 
| AIRBORNE SYSTEM PROCUREMENT 


AND MANUFACTURING 
| SUPPORT NT, 


G, INST, 
AND ACTIVATION’ 


| WEAPON SYSTEM 


Fig. 3. Time phasing. 


equipment, he then gives his approval for the contractor 
to proceed with design and procurement. 

Sometimes the customer and the contractor will 
hold “provisioning conferences’? where decisions on 
GSE are made. To save time, and only when no 
satisfactory design exists, the contractor may authorize 
his engineering personnel to proceed with design in 
anticipation of customer approval. 


Guiding Philosophies 


The support system engineer is guided by several 
major influencing factors—teliability, economy, sim- 
plicity, time phasing, state of the art, operational 
analysis, and logistic plan. Weapon system efficiency, 
therefore, requires real support system integration on 
the detail planning and design levels. Integration can 
be accomplished only by identifying one agency, pref- 
erably the airframe contractor, as > integrating 
support system contractor. 


State of the Art 


Today the support system engineer finds himself in 
the position of designing systems representing a major 
portion of weapon system procurement cost. He works 
with techniques generally within the state of the 
art. He is limited on time in which to accomplish his 
job. He must assimilate a mass of detail and integrate 
it into a clear, precise plan, and with equipment easily 
operated by the customer’s personnel. 

In spite of some difficulties, today he finds himself able 
to handle cryogenie or toxic fluids, to transport ex- 
ceedingly large or heavy shapes, and to count down and 
launch any airborne system yet devised. He looks to 
the future with great optimism that he will still be able 
to support any potential system we may desire to 
operate. 


(Part II of this series will appear in the September 
issue, Part III in November.—Eb.) 
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An allempl is made to find the most favorable speed-allitude schedule for a supersonic 
transport or bomber, with minimum shock-wave noise as the prime consideration. 
The propagation of shock waves is discussed for the case of a homogeneous almosphere 
and also for a normal almosphere exhibiting temperature and wind gradients. The 
most recent experimental resulls and the available theory concerning the “sonic boom” 


are discussed. 


SONIC BOOM—timitations on supersonic aircraft operations 


Donald W. Patterson, AIAS, Convair, A Division of General Dynamics Corporation 


= SONIC BOOM, which appeared with the advent of 
supersonic flight by operational aircraft, was first 
recognized as an interesting phenomenon. Now, as 
the seriousness of the boom problem is realized, it 
must definitely be taken into operational and design 
considerations. While the boom does not aerody- 
namically affect the aircraft’s performance, it does have 
an extreme effect on the aircraft’s acceptance by the 
general public. 

With public irritation and property damage causing 
complaints to be made daily to airports, Air Force 
bases, and manufacturers, the noise problem is not one 
which can be taken lightly. With supersonic aircraft 
becoming more common, it is obvious that steps must 
be taken to combat the situation. While the opera- 
tional capabilities of military aircraft must not be 
hampered in time of emergency, they can, on the other 
hand, be limited in routine maneuvers in populated 
areas. Similarly, the capabilities of commercial aircraft 
will be limited by the tolerance of the neighborhoods 
surrounding the airports and beneath the air lanes. 


Basic Phenomena 


An aircraft in supersonic flight will form a shock- 
wave formation which may extend to the ground and 
cause a sonic boom. The sharp increase in pressure 
which characterizes the shock wave as it passes an ob- 
server is interpreted by the ear as an explosion. The 
intensity of the noise can be theoretically calculated in 
terms of pressure rise and converted to decibels. 
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Symbols 

d = equivalent body diameter, ft. 

db = decibels 

h = altitude, ft. 

K, = ground-reflection factor 

Ke = airplane body shape factor 

1 = airplane length, ft. 

Af = airplane Mach number 

P, = ambient pressure at altitude, lbs./sq_ft. 

P) = ambient pressure at ground level, lbs. /sq.ft. 

P, = base reference pressure, lbs./sq.ft. 

Ap) = pressure rise across shock wave at ground level, 
Ibs. /sq.ft. 

T = temperature, °R. 

W = wind velocity, knots 

w = power unit 

y = perpendicular distance from observer to flight path, ft. 

y = flight path angle, deg. 

= Machangle, (1/17) 


A widely used method of estimating the pressure rise 
was originally presented in reference 1 and may be con- 
veniently written as 


Ap = (A? — 1)! Pp? 
y 

Eq. (1) assumes a homogeneous atmosphere, 10 

wind or temperature gradient, and does not account 


for airplane lift, deviation from steady level flight, and 
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Mr. Patterson received his B.S. degree in aero- 
nautical engineering from the Pennsylvania 
State University in 1957. He has done gradu- 
ate work toward a Master’s degree in engi- 
neering through the University of California at 
Los Angeles. As an aerodynamics engineer 
at Convair, Mr. Patterson has been closely 
associated with the firm's jet transport proj- 
ects and is now responsible for the flight pre- 
dictions of the stability and control of the Con- 
vair 600. He is a member of Omicron Delta 
Kappa and Sigma Tau and an Associate of 
the IAS. 


propagation losses in the atmosphere. As an example, 
the pressure rise can be calculated for the following 
conditions : 


Reflectivity factor A; = 2 Altitude 30,000 ft. 
Body shape constant Ke = 0.6 Mach M = 2 
Fineness ratio ]/d = 12 


Length of aircraft 7 = 180 ft. 
Observer directly under flight path 


V (628) (2116) 


Ap = (2)(0.6 
(30,000)*/4 


1 3/4 
(3) (180) 


1,150 
=12 (1.147) (0.0833)(49) = 


2.84 Ibs./sq.ft. 


The results of calculations of this type are presented 
in Fig. | as a function of altitude, with Mach number 
asa parameter. It is apparent that altitude, not Mach 
number, is the prime factor in the magnitude of the 
shock noise at the ground level. The theory seems con- 
sistently to overestimate the pressure on the ground 
according to data in references 2, 3, and 4. Support 
for this statement can be seen in Fig. 2, which is based 
on reference 2. A portion of the discrepancy may be 
caused by the fact that the theory is based on slender 
bodies.‘ Adjustments can be made for this error in 
several ways, the easiest being a reduction in the reflec- 
tivity and body shape constants. The reflectivity fac- 
tor varies from 1.0 to 2.0 and will be the maximum for 
a hard, flat surface. The body shape factor depends 
upon the location of the maximum thickness of an 
equivalent body as shown in Fig. 3, which was originally 
presented in reference 2. 

The National Aeronautics and Space Administration 
(NASA) has published? the interesting data shown in 
Table 1. 

The conversion to decibels can be made simply by 
the expression 


db = 10 logio(w/we) (2) 


Where w), w2 is a power ratio. The pressure can be ex- 


pressed as the square root of the corresponding power 
ratio so that 


db = 20 logy (Apo/P:) (2a) 


where the base reference pressure P; is often given the 


value 0.4178 X 10~® Ibs./ft.? which corresponds to the 
threshold of hearing. To convert 1.0 psf to decibels, 


db = 20 logi{1/(0.4178 X 10-*)] = 20 logy(2.4 X 108) 


20 (6.38) 
= 128 


In order to improve our ‘‘feel’” for sound intensity 
levels, a common type of noise table is recalled from 
reference 5 (see Table 2). 

The number of booms which are heard depends on 
the number of shock waves which reach the ears of the 
observer. It is possible to distinguish two booms from 
a single aircraft. The first boom would be the result of 
the bow wave and the second the result of the tail wave. 
There is some indication that a time interval of !/, sec. 
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between the waves is necessary for the discrimination 
of two sounds.* Intermediate waves from the wing, 
canopy, etc., merge with the strong compression shock 
waves of the bow and tail and are normally not heard. 
(See Fig. 4.) 


Nonhomogeneous Atmosphere 


In a nonhomogeneous atmosphere, Eq. (1) is not 
quite valid. There are two factors, temperature and 
wind gradients, which have a pronounced effect on the 
sonic boom. A simple method of looking at shock- 
wave behavior due to these gradients is the ray path 
concept. In a homogeneous atmosphere, the shock 
wave generated by a supersonic aircraft would be a 
straight line extending to the ground at the Mach angle 
yp. The direction of travel of the wave would be normal 
to the shock front along what is called a ray path, and 
the velocity would be a function of the speed of sound 
which is a constant in this ideal atmosphere. 

However, since the speed of sound increases with de- 
creasing altitude in standard atmosphere, the shock 
wave tends to propagate faster as it approaches the 
ground. By looking at the ray path diagrams in Fig. 5, 
we can see that this temperature effect will bend the 
shock wave forward and the ray path upward. 

It is possible for the downward component of the 
shock front velocity vector to become zero. If the air- 
craft is flying at low supersonic Mach numbers, it is 
reasonable to predict that the shock wave will cease to 
travel toward the ground, and, as a result, no sonic 
boom would be heard. Consider the limiting Mach 
number, or ‘cutoff’? Mach number as it is verbally re- 
ferred to by the NASA, at some altitude—35,000 ft., 
say. At this altitude, the Mach number would be ap- 
proximately 1.15, which happens to be 660 knots, the 
sonic velocity at sea level. In this case, the shock wave 
becomes weaker and weaker as it approaches the ground 
and finally ceases to exist. No sonic boom is heard! 

A wind gradient can have the same type of effect on 
the shock wave. A favorable effect will occur in the 
case of a headwind increasing with altitude (see Fig. 6). 
The relative velocities can be supersonic at altitude and 
yet slightly subsonic at the ground level, and the result 
is most encouraging. No sonic boom! 

While no sane pilot will search for strong headwinds 
in the cruise portion of his flight, he will—having no 
alternative except to fly into the wind—have the wind 


Table 1. Shock-Noise Phenomena 


Resulting Associated 
p p Physiological Physical 

(Ibs. /ft.?) (db) Reaction Phenomena 

0.1-0.3 108-118 Not objec- Barely audible explosion 
tionable 

0.3-1.0 118-128 Tolerable Distant explosion or 

thunder 
1.0-3.0 128-138 Objectionable Close-range thunder, 


some window damage 
3.0-10.0 138-148 Objectionable Damage to large plate- 
glass windows 
10.0-30.0 148-158 Objectionable Definite damage to small 
barracks-type windows 


Table 2. 

Source or Description of Noise Noise level, db 
Threshold of hearing 0 
Rustle of leaves 10 
Average whisper 20 
Quiet radio in home 40 
Quiet automobile 50 
Ordinary conversation 65 
Busy street traffic 70 
Elevated train 90 
Riveter 95 
Threshold of pain 120 
Jet engine in test cell 160 
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Fig. 9. Calculated ray paths of bow-wave propagation (M = 1.15). 
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Fig. 12. Cutoff Mach number, effect of flight path angle. 


gradient effect on sonic boom as his consolation. Head- 
winds are an asset here, but tailwinds are just as much 
of a liability. This aspect would be aggravating for an 
aircraft flying west to east in the 150-knot jet stream, 
but the supersonic transports will, for the most part, be 
flying at altitudes above these swift air currents. Data 
from reference 6 have been used to show typical wind 
velocities at various altitudes in Fig. 7. 

The combination of the temperature and wind 
gradient effects is presented in Fig. 8. Note that the 
favorable temperature effect reaches a maximum at 
35,300 ft. (tropopause) and remains constant above 
that altitude. 

Fig. 9, which has been taken directly from the flight- 
test data of reference 3, offers proof that the wind and 
temperature gradients can be depended upon to cause 
the sonic boom to miss the ground. The airplane being 
tested was a century-series flighter being flown at 1/ = 
1.15, at an altitude of 45,000 ft., in the presence of a 
headwind. 


Climb Path Angle 


Another variable which can be considered in the in- 
vestigation of the sonic boom is the airplane attitude. 
While there are no actual published data available to 
the author's knowledge, a prediction can be made of the 
effect of climb path and glide path. As the departure 
is made from level flight, the shock-wave pattern will 
tend to rotate with the airplane and remain nearly sym- 
metrical with the flight path. In the case of a climb 
path angle, this characteristic should be helpful in 
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avoiding a sonic boom on the ground. The angle being 
discussed is not to be confused with angle of attack 
which has a slightly detrimental effect. By looking at 
the situation from a strictly geometrical standpoint, w 
can approach the problem with the aid of the ray path 
diagrams in Figs. 10 and 11. It is known that a shock 
wave front ceases to travel toward the ground to cause « 
sonic boom as soon as the wave reaches a vertical orient- 
ation in the atmosphere. 

If the climb path angle can be used legitimately to 
rotate the shock wave, it will be possible to fly at higher 
Mach numbers at a certain altitude without causing a 
sonic boom to occur on the ground—4.e., to increase the 
cutoff Mach number. 

This concept is powerful enough to change the cutoff 
Mach number at 35,000 ft. from 1.15 to 1.57 for a climb 
path angle of 21°. By taking advantage of this pre- 
diction, the engineer can plan on using considerably 
more of his available performance capabilities during 
the climb, one of the most important stages of the 
flight. Of course, the flight path angle during descent 
causes an opposite effect on the ground which probably 
had much to do with the fact that sonic booms were 
heard as early as 1950 from aircraft which were slightly 
supersonic in a dive. This opposite effect may make it 
necessary to decelerate to transonic speeds before de- 
scending below 50,000 ft. However, this should have 
practically no adverse effect on range and payload since 
it will not be necessary for the pilot to fly the aircraft at 
maximum speeds during this phase of the flight. 

The predicted effect of flight path angle on cutoff 
Mach number is presented in Fig. 12 as a function of al- 
titude for standard, hot, and cold days. Fig. 15 is a 
summary plot showing the combined effects of altitude, 
winds, and flight path angle on cutoff Mach number. 

The validity of the climb path concept will be dis- 
cussed in a later paper when experimental data are 
available to make comparisons. In a telephone con- 


version with Harvey Hubbard, NASA engineer at: 


Langley Field, Va., it was learned that climb path 
angle does affect to some extent the cutoff Mach num- 
ber and that reports concerning this subject will be 


forthcoming in the near future. 
(Continued on page 44) 
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Fig. 13. Cutoff Mach number, standard day. 
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Structures 


Sliffness matrices previously developed are used in the analysis of compler wing structures. Favorable statistical com- 
parisons of measured and analytical influence coefficients are presented for a swept wing involving intermediate stiffeners 
and multispar design. Excellent comparison of vibration mode shapes and frequencies is shown. Analysis results for a 
biconver wing with a coarse nodal network are compared favorably with an analog solution. 


Prediction of Flexibility and Natural Modes of 
Low Aspect Ratio Wings Using Stiffness Matrices 


Robert J. Melosh, MIAS, and Richard G. Merritt, MIAS 


Boeing Airplane Company, Aero-Space Division 


EFFORT in extending and applying the 
method of direct formulation of the stiffness matrix 
from component stiffness matrices has shown it to be 
versatile, reliable, and accurate in predicting structural 
behavior. In reference 1, the method is aptly de- 
scribed, and stiffness matrices for a triangular plate, 
elementary beam spar (or rib), and stringer are de- 
veloped. In reference 2, a spar matrix based upon the 
superposition of strain states associated with uniform 
shear and a constant moment is presented which has 
superior convergence characteristics for structures 
whose spars and ribs are principally shear carrying 
members. 


Examination of the theoretical bases of the plate, 
beam, and a stringer matrices will convince the reader 
that these include the principal modes of elastic be- 
havior and inherently account for those effects termed 
shear lag, shear deformation, and Poisson’s ratio cou- 
pling. No restrictions are imposed with regard to orien- 
tation of the structural components. Thus, in an 
analysis, prejudgments about ‘effective’ material are 
obviated and sweep and taper do not restrict the 
approach. It is important to recognize that the guid- 
ing philosophy of the analysis is to analyze the struc- 
ture with various degrees of nodal refinement and 
use the comparison between answers as the measure 
of analytical accuracy. 


Application of the method in references 1 and 2 has 
been to unswept, untapered, cantilevered box beams. 
It is the purpose of this paper to demonstrate the 


application of the method to more practical structures 
in which the problems of sweep, taper in planform and 
depth, and a complex arrangement of internal mem- 
bers are present. Two examples have been chosen. 
The first is an untapered multispar swept wing involv- 
ing intermediate skin stiffeners and multipoint support. 
To demonstrate convergence, solutions are obtained 
for two nodal refinements. Statistical comparisons 
are furnished between analytical and experimental 
influence coefficients. Measured and predicted natural 


Mr. Melosh is a Research Engineer in the Tac, 
Research, and Booster Systems Unit. He has 
pursued dynamic and structural analysis work. 
He has contributed to the development of the 
stiffness method and has directed the genera- 
tion of digital programs for stress and deflec- 
tion analysis of structures of very general 
geometry including geometric nonlinearities. 
He was graduated from R | in 1947. 
In 1950, he received a Master's degree in 
Civil Engineering from that Institute. 


Mr. Merritt is Chief of the ASW/USW Struc- 
tures Unit. He has specialized in dynamic 
loads, aeroelastic instabilities, and deflection 
analyses of missile and aircraft structures. He 
has participated in the development of the 
stiffness method and in developing design 
techniques for low- and high-speed wind- 
tunnel flutter models. He was graduated 
from Yale in 1950. In 1951, he received his 
M.S. in Civil Engineering and in 1953 the de- 
gree of Civil Engineer, both from the California 
Institute of Technology. 
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Fig. 1. Untapered wing geometry. 
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Fig. 2. Assembly fixture and framework, model wing. 


frequencies and mode shapes are also compared. The 
second is a biconvex multispar delta wing on a contin- 
uous support. The accuracy of the analysis with a 
coarse network is shown by comparisons between 
measured influence coefficients and analog computer 
influence coefficients, natural frequencies, and normal 
mode shapes. 


Untapered Multispar Wing: Geometry 


The geometry and structural layout of this wing is 
shown in Fig.1. A photograph of the internal structure 
in its final assembly fixture is shown in Fig. 2. All com- 
ponents of the multispar wing were fabricated from 
2024-T3 material except the fillers inserted between the 
ribs and skins to provide a shear tie. These fillers 
consisted of aluminum honeycomb with cells filled with 
a plastic resin. 


Boundary Conditions and Loading 


The model wing was supported at four points top and 
bottom along each root chord to simulate typical 
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fuselage fixity. Supports were located at the inter 
sections of spars and ribs and provided vertical re 
straint only. Fixtures for static loads were provided at 
the intersections of spars and ribs over the whole wing 
as shown schematically and numbered in Fig. 3. 


Assumptions for Analysis 


Two nodal networks were selected to provide a 
measure of solution convergence independent of test 
results. These consisted of the 28- and 133-nodal 
patterns shown in Fig. 3. In both analyses the skin 
and stringer stiffness matrices of reference 1 and the 
shear moment spar matrix of reference 2 were used. 
Zero vertical displacements were specified at the 
support points and along the centerline of the beam, the 
bending slope was fixed at zero. Rigid body transla- 
tion in the chordwise direction was prevented. 

The machine program combined the stiffness ma- 
trices and performed a matrix inversion to obtain 
influence coefficients for the loads and vertical dis- 
placement at the 16 loading points. These data are 
given in Tables 2 and 3 for the 28- and 133-node net- 
works, respectively. Masses were assumed lumped 
at these same 16 points in determining mode shapes 
and frequencies. Rotary inertias were neglected. 
Mode shapes and frequencies are given in Figs. 4 
and 5. The first three modes obtained analytically 
were essentially identical with those measured and are 
not given here. 
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Fig. 3. Analytical nodal networks. 
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Table 1. Untapered Multispar Wing—Static Test Influence Coefficient Matrix 


Load — Deflection Points 

Points 1 4 7 8 9 10 11 pe ig 14 
1 6.45 6.67 6.96 7.22 4:70 4.85 1.96 2.26 2:53 2:75 0.531 0.716 6. 
2 7:26 7:30 8.33 +16. 5-63 2.36 2:74 3:13 0.492 0:71 O. 
3 S: 9.55 5.67 6.42 1.88 2.48 2.99 3.50 0.447 0.715 0. 
4 10.8 6.18 1:86.. 2.64 3.22 3:04 0.402 1: 
5 2:90, 2:97 1.44 1.68 1.65 1.70 0.416 0.528 0: 
6 3.44 3.64 1.41 1.68 1.90 2.10 0.378 0.539 0. 
7 3.94 4.88 1.388 1.77 2.14 2.54 0.3389 0.588 0. 
8 1.35: 2.35 2:91 0.301 0.542 0: 
9 0.933 0.886 0.859 0.817 0.316 0.358 0. 
10 1.00 1.07 1.12 0.272 0:36! 0. 
11 1.32 1.48 0.233 0.358 0. 
12 Symmetric : 1.84 0.189 0.349 0. 
0.232 0.162 
14 0.196 0. 
15 0. 
16 


Deflections in in. /1,000 Ibs. 


| 
| 
| 


Static and Dynamic Model Test 


The wing was subjected to extensive static and 
dynamic testing. Static deflections were measured at 
the 16 stations corresponding to the analysis for pairs of 
loads placed symmetrically about the centerline. 
flection readings were taken during the loading and un- 
loading parts of the cycle. 


Reducing these data, a 


16 by 16 matrix of influence coefficients was generated. 
Because of inelastic structural behavior, this matrix 
was not symmetric as required by Maxwell’s reciprocity 
theorem. Because of the smallness of the error, it was 
considered sufficiently accurate to average the C;,; and 
C;, elements to obtain the symmetric matrix shown in 
Table 1. Ninety-three per cent of the elements of this 


Table 2. Untapered Multispar Wing—Analytical Influence Coefficient Matrix 


——Deflection Points 


2 3 4 5 10 11 12 13 14 15 16 Points 
6.18 6.38 6.57 3.69 3.§ 4. it. 2.01 2.24 2.438 0.474 0.624 0.745 0.844 1 
6.70 7.18 7:64 3.72 4:20 4. LP 2.07 2.44 2.81 0.482 0.615 0.793 0.977 2 
7.99 8.78 3.75 4.43 5. 1 2.138 2.64 3.18 0.391 0.607 0.841 1.110 3 
10.02 3.78 4.65 5. 1. 2.19 2.84 3.55 0.349 0.598 0.889 1.24 4 
2:51 2.66 2. 1. 1.40 1.46 1.51 0.379 0.469 0.524 0.552 5 
1.46 1.67 1.87 0.338 0.460 0.573 0.686 6 
3: 1: 1.52 1.87 2.24 0.296 0.451 0.621 0.820 7 
ihe 1.58 2.07 2.62 0.254 0.448 0.669 0.953 8 
0.815 0.774 0.731 0.686 0.289 0.310 0.299 0.271 9 
0.863 0.915 0.968 0.242 0.306 0.352 0.391 10 
1.11 1.29 0.200 0.296 0.402 0.525 11 
Symmetric 1.66 0.158 0.287 0.448 0.665 12 
0.182 0.136 0.100 0.066 | 13 
0.158 0.143 0.131 14 


iw] 
bo 
bo 


Deflections in in./1,000 Ibs., 28-node solution. 


Table 3. Untapered Multispar Wing—Analytical Influence Coefficient Matrix 


Load Deflection Points 
Points 1 2 3 4 5 8 10 11 12 13 14 15 16 
1 6.39 6.61 6.82 7.04 3.98 4. 4.78 1.92 2.20 2.44 2.65 0.526 0.689 0.823 0.936 
2 7.16 7.64 $.12 4.02 5. 5.49 1.87 2.26 2.65 3.04 0.481 0.681 0.875 1.08 
3 8.49 9.29 4.05 5. 6.23 1.82 2.33 2.86 3.43 0.485 0.673 0.927 1.22 
4 10.57 4.09 5. 6.98 1.77 2.39 3.07 3.82 0.390 0.665 0.979 1.36 
5 ya & 2 2.88 1.48 1.55 1.68 1.68 0.423 0.520 0.584 0.623 
6 3.29 3.52 1.38 1.62 1.84 2.05 0:378 0.512 0.6387 0.763 
7 3S. 4.21 1.32 1.68 2.05 2.44 0.332 0.504 0.689 0.904 
8 4.96 1.28 1.74 2.26 2.83 0.287 0.496 0.741 1.05 
9 0.934 0.880 0.8384 0.790 0.322 0.349 0.344 0.320 
10 0.984 1.08 1.09 0.274 0.345 0.400 0.448 
11 Symmetric 1.25 1.44 0.228 0.336 0.453 0.588 
12 1.84 0.183 0.327 0.502 0.732 
13 0.218 0.160 0.119 0.081 
14 0.189 0.167 0.155 
15 0.229 0.257 
16 0.412 


Deflections in in./1,000 Ibs., 133-node solution. 
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Fig. 4. Untapered wing mode contours. 
(Top to bottom: First mode shape—test 7.47 cps, analysis 7.56 cps; 
second mode shape—test 27.6 cps, analysis 27.1 cps; third mode shape— 
test 45.3 cps, analysis 45.3 cps.) 


matrix differ from the measured values by less than 
3 per cent. Only one of the off-diagonal elements 
differs by more than 5 per cent. 

Normal vibration modes were excited by four electro- 
magnetic shakers arranged symmetrically, two on each 
half of the wing. Resonance was determined by the 
phasing between velocity and shaker force at the voice 
coils. The experimental work included determination 
of the first five symmetrical mode shapes and fre- 
quencies. In addition to dead weight, masses were 
located at 8 of the 16 load points. These masses took 
the form of hemispherical domes of lead weighing 2.5 
Ibs. each and fastened to the top and bottom surfaces 
at the required points. The value of the mass to lump 
at each station was obtained by calculating the mass 
in regions bounded by a grid formed of lines bisecting 
the internodal distances. The elements of the diag- 
onal mass matrix in lb. sec.” per inch associated with 
Tables 2 and 3 are 0.01427, 0.00248, 0.00243, 0.01427, 
0.01560, 0.00488, 0.00488, 0.01560, 0.01568, 0.00504, 
0.00504, 0.01568, 0.01576, 0.00520, 0.00520, and 0.01576. 
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Comparison of Analysis and Experiment 

A statistical comparison of analytical and experi 
mental influence coefficients is given in Table 4. Thx 
negative signs here indicate that the analysis predicts 
greater stiffness than that measured. This might have 
been anticipated using the shear-moment spar matrix 
in accordance with the remarks in reference 2. 

A comparative summary of resonant frequencies is 
given in Table 5. The reader can compare mode 
shapes of the wing by reference to Figs. 4, 5a, and 5b. 


Tapered Delta Wing: Geometry 

The geometry and structural layout of a hypothetical 
wing is shown in Fig. 6. The wing is assumed to be 
fabricated of aluminum (E = 10.4 X 108, Poisson's 
ratio 0.30). 


Boundary Conditions and Loading 


This wing is supported by a continuous simple 
support along the sides of the fuselage. Static loads 


SYMMETRY 
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Fig. 5a. Untapered wing mode contours, fourth mode. 
(Top to bottom: Experimental shape—frequency 75.71 cps; theoretical 
shape—28-node analysis, frequency 78.14 cps; theoretical shape— | 33- 
node analysis, frequency 74.89 cps.) 
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arc located only at the numbered intersections in Fig. 6 
and symmetrically about the wing spanwise centerline. 


Assumptions for Analysis 


A single analysis was performed based on a network 
of nodes at the intersections of all spars and ribs and at 
the spar intersections with the wing centerline. Since 
the panels are curved and do not lie in a plane parallel 
to the horizontal plane of symmetry, a transformation 
of coordinates was applied to the skin stiffness matrix 
given in reference 1. In addition, since the moment 
of inertia of the spars varies along their span, the spar 
stiffness matrices had to be modified to consider this 
effect. 

Again the bending slope at the wing centerline was 
fixed at zero. In addition, the vertical displacement 
and chordwise bending slopes were set to zero along 
the support line. The dead weight of the structure 
was calculated, lumped at the 9 outboard node points 
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Fig. 5b. Untapered wing mode contours, fifth mode. 
(Top to bottom: Experimental shape—frequency 113.9 cps; theoretical 
shape—28-node analysis, frequency 124.3 cps; theoretical shape—133- 
node analysis, frequency 110.1 cps.) 
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Fig. 6. Tapered wing geometry. 


shown in Fig. 6 (to provide comparable mass lumping 
to the analog analysis), and the modes calculated. 
The influence coefficient matrix is given in Table 6, 
and the first four mode shapes and frequencies are 
shown in Fig. 7. 


Static and Dynamic Analog Analysis 


This wing has been analyzed by Benscoter and 
MacNeal’ on a passive network analog computer. 
In addition, Zender* has made static tests on a plastic 
model with which the results of reference 3 compare 
favorably. Sample results for deflections are given in 
Table 7. Comparable stiffness and analog results are 
repeated for convenience. Since only plotted results 
appear in reference 4, only two significant figures are 
listed. 

There is an inadequate amount of deflection data 
available in reference + to provide a satisfactory statis- 
tical comparison between analytical and test influence 


Table 4. Differences Between Analytical and Test Influence 


Coefficients 
Comparison Comparison 
by %, by %, 
Statistical 28-Node Sol’n 133-Node Sol’n 
Criterion With Exp. With Exp. 
Average —12.9 —3.75 
Median —12.0 —3.50 
Mode —16.0 —2.50 
Range 19.9 10.5 
Standard 
deviation +3.47 +2.18 


Table 5. Comparative Summary of Resonant Frequencies 


Theory, Theory, 
Exp., 28 Nodes, 133 Nodes, 
Mode cps cps cps 28/Exp. 133/Exp. 
1 7.468 7.841 7.564 1.050 1.013 
2 27.59 27 .66 27.09 1.003 0.982 
3 45.26 48.17 45.26 1.064 1.000 
4 75.71 78.14 74.89 1.032 0.989 
5 113.9 124.3 110.1 1.091 0.967 
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Table 6. Tapered Delta Wing—Analytical Influence Coefficient Matrix 
, Deflection Points — Load 
1 2 3 4 5 6 » § 9 10 ll 12 13 14 Points 
0.0361 0.0151 0.0088 0.0078 0.0060 -—0.0188 -—0.0143 -—0.0113 -—0.0094 -—0.0307 —0.0273 —0.0240 —0.0425 -—0.0401 1 
0.0149 0.0103 0.0089 0.0066 —0.0128 -—0.0115 -—0.0102 —0.0094 -—0.0237 -—0.0223 -—0.0211 —0.0338 —0.0332 2 
0.0138 0.0126 0.0090 -—0.0102 -—0.0103 -—0.0106 —0.0110 -—0.0205 -—0.0207 —0.0212 —0.0303 —0.0312 3 
0.0196 0.0170 —0.0097 —0.0105 —0.0116 —0.0139 —0.0203 -—0.0214 —0.0232 —0.0306 —0.0325 4 
0.0373 —0.0077 —0.0089 -—0.0105 -—0.0145 -—0.0167 -—0.0184 -—0.0210 -—0.0256 —0.0281 5 
0.0428 0.0238 0.0146 0.0103 0.0651 0.0466 0.0326 0.0810 0.0673 6 
0.0239 0.0176 0.0131 0.0477 0.0438 0.0382 0.0683 0.0650 7 
sh 0.0212 0.0175 0.0321 0.0355 0.0391 0.0496 0.0540 | 8 
: 0.0274 0.0225 0.0274 0.0348 0.0354 0.0420 9 
Symmetric 0.1532 0.1070 0.0748 0.2146 0.1720 10 
0.1031 0.0861 0.1666 0.1618 
0.0997 0.1200 0.1380 12 
0.3906 0.2993 13 
0.3094 14 
Deflections in in./1,000 Ibs., 24-node solution. 
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Table 7. Comparison of Plastic Wing Test Deflections Conclusions 
One Kip Load at Node 13 One Kip Load at Node 14 The results of these stiffness method analyses demon- 
Test Analysis Analo Test Analysis Analo strate excellent accuracy in comparison with experi- 
Defl. Sta. Defi. mental and analog evaluations of structural behavior. 
0.08 0.08 0.08 6 0.07 0.07 0.06 The practical considerations involved in formulating 
0.07 0.07 0.06 7 0.07 0.07 0.06 . . 
0.05 0.05 0.04 8 0.05 0.05 0.05 mathematical models for wings of complex geometry 
0.03 0.04 0.03 9 0.04 0.04 0.04 and structural configuration do not compromise the 
0.22 0.21 0.21 10 0.15 0.17 0.16 : 
016 0.17 0.16 11 0.15 0.16 0.15 accuracy. In the case of the first wing and fine nodal 
0.12 0.12 0.11 12 0.138 0.14 0.13 breakdown, analytical predictions of influence co- 
0.39 0.39 0.40 13 0.28 0.30 0.29 ‘ : 
028 0.30 0.29 14 029 0231 0.29 efficients and mode shapes and frequencies compared 


to test data with considerably less error than is usually 
present in the experimental data itself. For the 

= : tapered wing, the results compared favorably with the 
data. in addition, no dynamic tests of the model were analog solution (and with test) within the limits of 
performed. Since the analog results do not suffer accuracy of the analog solution. Very good results 
tase ensitations, the comparison in this report will be were obtained in both analyses with coarse networks. 
made with the analog results. 

The influence coefficients obtained using the analog 

are shown in Table 8. Since no mass matrix was given 
in references 3 or 4, using the same mass matrix as 
used in the stiffness analysis, new modes were obtained 
for this wing. These modes agree fairly well with 
those in reference 3 and provide a fair basis for com- 
parison of the analyses. The analog modes are shown Don 


Table 9. Differences Between Analog and Analysis 
Influence Coefficients 


All Data Points Outbd. of 
with the analytical modes in Fig. 7. Comparison Support Line 
Statistical __ by %, Comparison by %, 
Comparison of Stiffness and Analog Analyses Criterion Stiffness /Analog —- Analog 
A statistical comparison of the deflection influence Median —15.0 —8.0 
Acie iS i Mode —12.5 —12.5 
coefficients obtained from the two analyses is given in anal Pipe as 
Table 9. All the influence coefficients are compared Standard 
in the second column. Since displacements along the deviation +#15.1 £6.67 
wing centerline are small, percentage errors in this 
region are large and probably do not provide a fair 
basis of comparison since both the analog and stiffness 
displacements may involve large percentage errors in 
comparison with the prototype. Therefore, in the Table 10. Comparative Summary of Resonant 
second column of Table 9, the statistical comparison Frequencies 
of influence coefficients for these points is omitted. Theory, 
! 24 Nodes, Analog, 
A comparison of the resonant frequencies is given in Mode — = Stiffness /Analog 
Table 10. The reader can make a comparison between — - 
the mode shapes of the two analyses by referring to ; cae Ro pe 
Fig. 7. Since the fifth root for the analog solution was 3 148.6 137.2 1.083 
negative, only roots one through four are given. = 


Table 8. Tapered Delta Wing—Analog Influence Coefficient Matrix 


Deflection Points : 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 


0.0450 0.0160 0.0076 0.0046 0.0036 —0.0134 -—0.0105 -—0.0082 -—0.0065 -—0.0235 -—0.0204 -—0.0175 —0.0333 —0.0305 


1 

0.0169 0.0085 0.0054 0.0045 -—0.0093 -—0.0085 -—0.0072 -—0.0061 -—0.0178 -—0.0165 -—0.0151 -—0.0262 -—0.0248 2 
0.0131 0.0085 0.0076 -—0.0068 ~—0.0069 -—0.0070 -—0.0069 -—0.0140 -—0.0140 -—0.0142 -—0.0212 —0.0211 3 
0.0171 0.0162 —0.0054 -—0.0061 -—0.0069 —0.0085 -—0.0116 -—0.0125 -—0.0139 -—0.0176 —0.0188 4 

0.0456 -0.0053 -—0.0063 -—0.0078 -—0.0114 -—0.0116 -—0.0131 -—0.0152 -0.0176 —0.0194 5 

0.0511 0.0240 0.0139 0.0088 0.0654 0.0436 0.0288 0.0795 0.0596 6 

0.0251 0.0162 0.0116 0.0440 0.0407 0.0327 0.0614 0.0574 7 

0.0214 0.0158 0.0287 0.0316 0.0346 0.0443 0.0478 8 

0.0259 0.0194 0.0240 0.0312 0.0301 0.0354 9 

0.1585 0.1031 0.0700 0.2098 0.1574 10 

0.1000 0.0784 0.1571 0.1498 ll 

Symmetric 0.0912 0.1142 0.1268 12 

0.3983 0.2863 13 

0.2901 14 


Deflections in in./1,000 Ibs. 
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Heat Protection by Ablation 


The recent extensive use of ablation materials has raised basic questions concerning what properties 


lo look for in ablation systems for accomplishing different lasks. 


Some practical answers are provided for different popular materials and applications. 


Robert M. Wood, MIAS, and Ronald J. Tagliani, MIAS 


Douglas Aircraft Company, Inc. 


A MODEL consisting of a metal load-carrying structure 
covered with a protective coating is discussed and 
chosen as an efficient method of dissipating the severe 
heating encountered by hypersonic vehicles in transient 
flight. The concepts of heat and temperature of abla- 
tion are used together with other coating material 
properties for describing the effectiveness of different 
protective coatings in different thermal environments. 
The assumption of an equivalent square wave heat-time 
input for any actual environment is discussed and justi- 
fied for radically different environmental situations, in- 
cluding ICBM, Mars entry, anti-ICBM, manned entry, 
and nozzle applications. Using the square wave heat 
input assumption, the unit coating weight required is 
presented as a function of intensity and duration of 
heating for several different protective coatings. 

Three domains of heating are categorized: (1) almost 
complete ablation, wherein the most important material 
property is heat absorbed per pound of material lost; 
(2) partial ablation, wherein density and conductivity 
are as important as ablation properties; and (3) no 
ablation, wherein ordinary thermal properties are all 
important. The results are summarized by the graphi- 
cal presentation of the relative coating weights re- 
quired with a number of popular protection materials 
for a number of different environmental situations, 
thereby emphasizing the need for different thermal 
properties with various environments. 


Objectives, Approach, and Assumptions 


Heat Protection Systems 
The purpose of this paper is to discuss the desirable 
thermal and ablation properties of materials used for 
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Symbols 


Subscripts 
A 
AVG 
B 


pkt /wc 

pktr/( pcb) mw 

Gtr/wQp 

Stanton number with mass transfer 
Stanton number without mass transfer 
— To)pktr]/w?Qp 

heat of ablation 

heat of decomposition 

effective heat of ablation 
temperature 

(T — T)/(Ta — To) 

weight to drag ratio 

coating thickness 

metal thickness 

specific heat 

convective heat-transfer coefficient 
thermal conductivity 

heat flux rate 

thickness ablated 

time 

unit coating weight 

distance from coating initial outer surface 


penetration distances of temperature wave 


emissivity 
material density 
s/a 

t/tr 

entry angle 


= (a — x)/(a — s) 


ablation 

average 

boundary-layer recovery conditions 
final conditions 

initial conditions 

wall conditions 

metal properties 
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protecting load-carrying structures from excessive 
temperatures, and their interrelationship with the en- 
vironment to which such protective coatings are sub- 
jected. It has previously been shown how the struc- 
tural requirements can be superimposed upon the 
thermal results and a minimum weight combined struc- 
ture evolved for an AICBM environment.! The em- 
phasis herein is on how different environments will point 
towards different desirable materials for thermal pro- 
tection. 

There are several methods of dissipating the heat that 
is generated by high-velocity flight or propulsion 
systems: 

(1) Solid and Liquid Heat Sinks—A large mass is 
used to absorb all the heat sensibly and to still maintain 
the structure at an acceptable temperature. 

(2) Transpiration Cooling—A gas is ejected through 
a porous skin ito the boundary layer, thereby thicken- 
ing and cooling the boundary layer so that the heat 
flux rate is reduced to an acceptable value. 

(3) Radiation Cooling—A very thin outer shell (usu- 
ally metal) is allowed to reach a very high temperature 
(>2000°F.) thereby rejecting a large quantity of heat 
by radiation and maintaining an insulated substructure 
cool enough to withstand the required loading. 

(4) Protective Coating—<An ablative* or nonablative 
coating is used to keep the basic load-carrying structure 
to an acceptable temperature. 

Each of the different methods appears most efficient 
for different thermal environments. Theoretically, 
however, it can be shown that the protective coating 
method could be the most efficient for nearly all en- 


* Ablation is the removal of a material at its surface by a 
moving gas as a result of heat and shear. 


vironments, for if the thermal conductivity of the pro- 
tective coating is made to approach zero, and the tem- 
perature of ablation is sufficiently large, the weight of 
coating required will also approach zero. Even though 
this is a hypothetical example, it is felt that materials 
development is proceeding at such a rapid pace that 
protective coatings will soon be the most efficient 
method of dissipating heat, from a weight standpoint, 
for all but steady-state thermal environments. An ex- 
ception is the case where the heating is so small that the 
basic load-carrying structure can survive with no coat- 
ing. 

As a result of these considerations this presentation 
will deal only with the protective coating method of 
heat dissipation. It is assumed in all cases that a metal 
load-carrying structure must be protected to a given 
maximum temperature (see Fig. 1). 
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Fig. 3. Total heat input and time of heating. 


Environments 


Largely different environmental situations are sug- 
gested by Fig. 2, which gives the altitude-velocity re- 
lationships for an IRBM, ICBM, Mars entry, manned 
re-entry to earth, and a Thor Special Project exit. The 
lower and farther to the right such curves are, the more 
severe the heating because at a given altitude the 
speed is higher. Extremely short or long times will 
change this conclusion. An AICBM trajectory has 
been considered, but security restrictions prevent giving 
the corresponding plot. In order to illustrate the 
differences in heating and time of heating for each of the 
different trajectories shown in Fig. 2, a typical body 
geometry has been chosen for all heating calculations. 
The point of analysis is one foot aft of the stagnation 
point of a blunt 10° cone, assuming that the flow goes 
through a normal shock. The heating on that type of 
surface is felt to be representative of the areas where 
most of the coating weight will be concentrated for 
many missile or space vehicles. The differences in time 
of heating as well as total heat input (to a 0°F. surface) 
for the trajectories of Fig. 2 are shown in Fig. 3. The 
time of heating is defined as the time between the two 
values of heat flux equal to 5 per cent of the maximum. 
This will be illustrated below. 


Model and Definitions 


We return now to the analytical model and assump- 
tions, having touched on the different environments 
which will be considered for the purpose of this analysis. 
The analytical model is shown in Fig. 1. The model 
consists of a basic metal load-carrying structure covered 
with a protective coating which may be either ablative 
or nonablative. The outer surface of the protective 
coating is subjected to a net heat flux rate g which is 
assumed to be constant with time for this part of the 
analysis. The assumption of a constant heat flux rate 
will be justified below by showing how these results can 
be utilized for many cases in which a variable heat flux 
rate exists. In addition to the environmental variables 
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of heat flux rate and time, the material property vari- 
ables involved are as follows: 


(1) p (5) Qo 
(2) k (6) (pcb)m 
(3) ¢ (7) Tr 
(4) Ta (8) a 


Some of the terms used in the discussion of ablative 
coatings will now be defined since they are not uni- 
versally accepted. For the purposes of this study the 
heat of decomposition Q>p is defined as the amount of 
heat absorbed due to chemical reactions or phase change 
which take place at the ablation temperature 7. It is 


assumed that the coating material decomposes at a 


constant temperature 7, in changing from the solid 
state to the vapor state. The term heat of ablation as 
used herein is defined as the heat of decomposition plus 
the sensible heat. Another term which is used quite fre- 
quently in the literature is the effective heat of ablation 
or Q*. This term is primarily used in the analysis of 
experimental ablation data and all the effects of de- 
composition, sensible heat, mass transfer, radiation, 
and shear removal can be lumped into one parameter. 
That term will not be used in this analysis since the 
mass transfer is accounted for by a reduction in the heat 
flux rather than by an increase in the heat of ablation, 
and the other effects are taken into account separately. 


r--— 
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Fig. 4. Physical nomenclature. 
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Fig. 5. Heat flux rate histories for entry into Mars. 
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Table 1. Comparison of Coating Weights for Actuai and Square Wave Heat Inputs 
Application Phenolic Nylon Quartz Teflon High Density Teflon Low Density Polyethylene 

ICBM 

W sq. wave (lb./ft.?) 2.73 1.40 4.60 4.50 3.60 

W actual (lb./ft.?) 2.74 1.50 4.50 4.45 3.55 

(> Error —0.4 —6.7 +2.2 +1.1 +1.4 
Nozzle exit plane 

W sq. wave 0.65 0.73 1.32 1.42 1.01 

W actual 0.64 0.80 1.28 1.34 1.00 

Error +1.4 -—9.2 +3.1 +6.0 +1.0 
Manned re-entry 

W sq. wave 1.58 2.95 2.60 0.70 1.24 

W actual 1.67 3.95 2.72 0.75 1.15 

Co Error —5.4 —25.3 —4.4 +7.1 +7.8 
Mars entry 

W sq. wave 0.60 1.22 1.05 0.58 0.59 

W actual 0.62 1.59 .02 0.58 0.59 

Error —3.2 —23.2 +1.9 0 0 
AICBM 

W sq. wave 1.10 1.64 2.05 1.90 1.58 

W actual 1.09 1.82 2.14 1.85 1.61 

Error +0.9 -9.9 —4.2 +2.7 -1.9 


Equations and Boundary Conditions 


The governing equations and boundary conditions for 
the analytical model are given here and in Fig. 4. 


(07 /Ot) — = 0 (1) 
T(x, 0) = Te (2) 
(07/0t)| + = 0 (3) 
— pQn(ds/dt) + k(OT/dx)| = 0 (4) 
T(s, t) = T4 (ablative coating) 
T(s, t) < T, then ds/dt = 0 (nonablative coating) (5) 
T(a, tr) = Tr (6) 


Eq. (1) is merely the Fourier conduction equation which 
describes the heat flow in the coating. The first bound- 
ary condition, Eq. (2), specifies that at time zero, the 
entire coating is at an initial temperature 7». The 
second boundary condition, Eq. (3), is applied at the 
interface between the coating and metal and indicates 
that all the heat which flows from the coating goes into 
raising the temperature of the metal. The third 
boundary condition, Eq. (4), is applied at the outer 
surface of the coating and states that the heat flux that 
is applied is absorbed by decomposition of the material 
and conduction through the material. The final 
boundary condition, Eq. (5), merely indicates that if 
the surface temperature is equal to 7',, then decomposi 
tion will occur, and if it is less than 7, decomposition 
will not occur. A requirement as specified earlier is 
that the metal temperature reach a specified limit Ty at 
the final time ty, Eq. (6). Eqs. (1)—(6) can be trans- 
posed to a nondimensional form, as shown in Eqs. (7)— 


(12). 


oT dodT A or 


ar 


T(é, 0) = 0 (8) 
(07/0r) | — {[B/(1 — = 0 (9) 
(do /dr) — C+ {[D/(1 — «)|(OT/de)} = 0 (10) 


T(1, r) = 1 (ablative coating) 


T(1, r) <1. then do/dr = 0 (nonablative coating) 
(11) 


The dimensionless parameter £ is used to combine the 
time-space variables so that at the outer surface of the 
coating § = 1 and at the inner surface — = 0 regardless 
of the amount of material ablated. The remaining 
transformations are fairly straightforward and are de- 
fined in the list of symbols. Four dimensionless 
parameters—A, B, C, and D—appear throughout the 
equations and contain:all the environmental and ma- 
terial property variables; these parameters are defined 
in the list of symbols. The most interesting point to 
note about these parameters is the fact that, once the 
coating thickness a is replaced by the unit coating weight 
pa, then the density p and thermal conductivity k 
always appear together as a product. This fact 
eliminates one material property variable, and applies 
to any transient or steady-state heat flow in an insula- 
tor. In addition, it is noted that the time of heating /- 
only appears with either the heat flux rate g or with pk. 
This is an important point which will be utilized later. 


Square Wave Heat Pulse 


It has been mentioned that a square wave heat pulse 
is used. The usefulness of this concept will now be pre- 
sented. Fig. 5 shows the heat flux rate time histories 
for the Mars entry trajectory for two materials: Teflon 
and polyethylene. The curves were computed by the 
Douglas Aircraft Company missile heating programs 
with an IBM 704 (General Missile Heating Programs 
J02, J18, J22) which determine conditions outside the 
boundary layer at each time instant, computes heat- 
transfer rates,”* solves the heat flow in the materials, 
allows for decomposition, and corrects the heat input 
depending on the mass transfer.‘ The dashed curves 
show the square wave heat pulses which are roughly 
equivalent. The square wave starts and ends when the 
heat flux is 5 per cent of the maximum, and the total 
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Fig. 6. Unit coating weight for typical materials. 


areas under the real curve and the equivalent curve be- 
tween the times are equal. The actual equation which 
is used for computing the magnitude of the square wave 
heat pulse is also shown in Fig. 5. As can be seen, the 
‘square wave heat pulse is actually a net average heat 
flux rate which has been corrected for surface tempera- 
ture and mass transfer. 

Table 1 shows a comparison of coating weights re- 
quired to keep 0.10 in. of aluminum to 600°F., for both 
the square wave assumption and the actual case, with 
the per cent errors. Only two weights differ by more 
than 10 per cent. The reason for the large error in these 
two weights is due to the long flight time at which a 
negative heat flux rate exists. In other words, the 
square wave assumption cannot account for long periods 
of time at negative heat flux rates where heat is being 
conducted through to the metal, and consequently re- 
quiring more insulation than would be predicted by 
the square wave assumption. Since drastically different 
environments and materials have been used here it 
would seem that this agreement would encourage the 
use of the simple square wave concept, at least for order 
of magnitude purposes. 


Assumed Material Properties 


The material properties which are used for several 
popular protective coating materials are given in Table 


from 775°F. for polyethylene to 4,000°F. for quartz 
The temperature of ablation is a function of the rate o! 
decomposition and so would vary with external heai 
flux rate. Since in many cases the viscous forces ar« 
very small, materials having ablation temperatures 
occurring above the published material melting points 
are usable. The heats of decomposition and ablation 
differ only by c(7, — 7»), and have been shown to be 
in agreement with chemical pyrolysis data for Teflon.’ 
The last column shows the pk product; the lower the 
pk, as long as all the other properties do not change, 
the lighter the coating. Although, as indicated, the 
exact values of these properties may not be valid for all 
situations,’ the important point is that they represet 
a broad spectrum of materials. 


Implications and Applications 


Regions of Ablation 


Having considered general definitions and the use of a 
square wave heat input, let us now look at some of the 
coating weights required to keep 0.10 in. of aluminum 
to 600°F. Fig. 6 shows this weight (for 30-sec. heat- 
ing) as a function of the average heat flux rate and 
for two materials, Teflon and quartz. At the 
left-hand side, there is a heat flux below which the 
aluminum temperature never rises above 600°F., and 
so no coating is required. Three distinct domains or 
regions can be observed. The first is the region of no 
ablation, the second is partial ablation and the third is 
complete ablation. As can be seen, these regions are a 
function of the material property variables and will shift 
accordingly as the material properties are changed. 

Almost complete ablation occurs when the heat flux 
rate is sufficiently high for a given material so that the 
coating ablates at a rate almost equal to the rate at 
which the temperature wave is conducted through the 
material. When this situation exists, nearly all of the 
protective coating is ablated before the metal tempera- 
ture has risen appreciably. The protective coating 
weight required can be approximated quite accurately 
by a simple heat balance for the case of almost com- 
plete ablation. 


uQy gt (pcbm) (1p (13) 


Eq. (13) is exact for the case of complete ablation. 
As implied previously the boundaries for the region of 
almost complete ablation are a function of the material 
property variables in addition to the heat flux rate. 


2. The first column, ablation temperature, ranges From the exact solution for the temperature distribution 
Table 2. Approximate Physical Properties of Various Protective Coatings* 
Ta(°F.) Qp(B.t.u./Ib. ) Qa(B.t.u./lb.) c(B.t.u./Ib.°F.) 
Teflon (high density ) 1,100 690 940 0.25 19 
Fiberglas (phenolic) 3,000 750 1,910 0.40 25.5 
Nylon (phenolic) 1,400 1,500 1,950 0.35 8.2 
Polyethylene 775 1,090 1,460 0.55 11.8 
Teflon (low density) 1,100 690 940 0.25 2.0 
Quartz 4,000 5,000 6,100 0.28 ; 22 


* These properties were derived from unclassified literature and < 


for all ranges of temperature, pressure, and heat flux. 
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ire only approximate in the sense that they are not necessarily valid 
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through an ablating (steady state) infinite wall,’ it 
is possible to define the heat flux rate at which almost 
complete ablation would occur for given material 
properties, Eq. (14). 


c6/a 


If the ratio of the thickness penetrated by the tempera- 
ture wave to the total thickness of coating, 6/a, is very 
small, then the coating will almost completely ablate 
before the metal temperature can rise to its final re- 
quired value 7. Therefore, by choosing a small value 
for 6/a and a 7; near the initial temperature 7), Eq. 
(14) can be used to determine the heat flux rate at which 
almost complete ablation will exist for given coating 
properties and time of heating. For that domain of 
heating, the weight of coating required can be quickly 
determined from Eq. (13). In the region of almost 
complete ablation, the most important material prop- 
erty is the heat of ablation; the value of the pk parame- 
ter is not important at all, except to determine whether 
one is in this region. Much of the effort to date has 
been directed towards finding materials suitable for the 
region of almost complete ablation.° 

The next region considered is that of no ablation. 
This occurs when the final metal temperature is 
reached before the outer surface reaches the ablation 
temperature. This situation would occur for materials 
with high temperatures of ablation subjected to low 
heat flux rates. The coating weight required to main- 
tain 0.10 in. of aluminum to 600°F. is shown in Fig. 7 
for the region of no ablation and arbitrary material 
properties. The time parameter ¢, is incorporated with 
pk and g¢ as described earlier. This makes Fig. 7 fairly 
general in that it is now restricted only to a given metal 
heat capacity and a coating specific heat of 0.30 B.t.u./ 
lb.°F. Since the coating weights are usually insensitive 
to specific heat over a practical range, this value is 
typical but not crucial. The solid lines in Fig. 7 repre- 
sent the coating weight required for different values of 
pkt», and the dashed lines represent the maximum sur- 
face temperature achieved for a given pkty and gtr. 
These results were obtained by a digital solution of the 
diffusion equation with a square wave heat pulse. For 
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Fig. 7. Coating weight for the region of no ablation. 
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Fig. 8. Coating weights. 


a given heat flux rate, time and pk, it can be determined 
from Fig. 7 if the maximum surface temperature is 
greater than or less than the ablation temperature of 
the material under consideration. If the maximum 
surface temperature is less than the ablation tempera- 
ture, then there is no ablation and the coating weight 
can be determined directly from Fig. 7. If the maxi- 
mum surface temperature is greater than the ablation 
temperature, then ablation will occur and Eq. (1+) must 
be used to determine if one is in the region of almost 
complete ablation or partial ablation. It is clear from 
Fig. 7 that for the region of no ablation it is desirable 
to have a high temperature of ablation combined with 
a low value of pk. 

The region of partial ablation is defined by elimina- 
tion and lies between the regions of almost complete 
ablation and no ablation. None of the material prop- 
erty variables can be eliminated in this region because 
no ablation occurs part of the time and the material 
ablates the remainder of the time. It is therefore very 
difficult to present generalized. results of unit coating 
weight variations. Thus, this discussion will be in- 
cluded in the following section, where coating weight 
variations in the region of partial ablation will be con- 
sidered for specific present-day materials. It must be 
emphasized that in the region of partial ablation both 
the pk parameter and the ablation properties (7, and 
Q.4) of a material are equally important. In general it 
is always desirable to have a low value of the pk parame- 
ter in the region of partial ablation. 


Variation of Protective Coating Weights With Heat Flux 
and Time 


Fig. 8 presents the coating weights for specific ma- 
terials for 30-sec. heating as a function of heat flux rate. 
At low heat fluxes, low density Teflon and polyethylene 
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Fig. 9. Comparison of protective coating materials: (1) phenolic nylon, 
(2) polyethylene, (3) Teflon (high density), (4) Teflon (low density), (5) 
quartz, and (6) bare aluminum. 


aré lightest in weight because of the low pk in the case of 
the Teflon and because of the low temperature of abla- 
tion in the case of the polyethylene. The worst ma- 
terial is quartz. At intermediate heat flux rates, such 
as in the exit of a nozzle, polyethylene, phenolic nylon, 
phenolic Fiberglas, and quartz become competitive. 
the first three are entering the region of almost com- 
plete ablation, whereas the quartz is ablating partially, 
and the high heat of ablation is starting to compensate 
for the high pk. At higher heat flux rates (such as 
nozzle throats) quartz is the uncontested winner in the 
region of complete ablation. Another interesting point 
to note on Fig. 8 is the difference between the low and 
high density Teflon curves. The only difference in the 
properties of these materials is the pk, which for the low 
density Teflon is approximately a factor of 10 lower 
than the high density Teflon. This difference results 
in a significant difference in weight at low values of 4, 
but for heat flux rates in excess of about 60 the required 
weights of the two materials are identical, thereby again 
showing that the pk product is unimportant in the 
region of almost complete ablation, but very important 
in the regions of partial ablation and no ablation. The 
trends shown in Fig. 8 are the same for longer times of 
heating but the curves are shifted up somewhat. 


Variation of Protective Coating Weights With Mission 


Thus, the environment dictates the material. Fig. 9 
highlights this point by. showing the absolute and rela- 
tive ratings of five coating materials on six different 
missions. Fora Thor Special Project application with a 
long-time low heat flux, low density Teflon looks best, 
with the low ablation temperature of polyethylene 
making it second. The best material for the AICBM 
trajectory would be phenolic nylon, with little to choose 
from among the other four. For the Mars entry, 
phenolic nylon, polyethylene, and low density Teflon 
look good, and for the manned re-entry low density 
Teflon is good because of the low pk. Quartz is about 
seven times as heavy. The high heat flux rate short- 
time situation for the ICBM application make quartz 
best and the low heat of ablation materials the worst. 
The situation for the particular nozzle exit chosen is 
similar to the ICBM because of the short time of heat- 
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ing; however, the heat flux rates are somewhat lower. 
In addition to the protective coating materials, bire 
aluminum is also shown for each application to il- 
lustrate the need for a protective coating in order to 
achieve minimum weight. Approximately 1.5 Ib./it.? 
should be added to these weights for the 0.10 in. of 
aluminum which is being protected, in order to get total 
skin weight. 


Conclusions 


The broad picture is summarized on Fig. 10. It 
should be mentioned that the average heat flux rate 
shown on Fig. 10 is that which was defined on Fig. 5 
and is corrected for surface temperature and miss 
transfer. This is the reason for the variation in heat 
flux rates and times for the same mission and different 
materials on Fig. 10. For very low heat flux rates or 
times, no protection is required and the heat sink ap- 
proach is most efficient. Ballistic manned entry nearly 
falls in this category. For high heat flux rates such as 
those existing for an IRBM or ICBM, high heat of 
ablation is crucial and the pk product is not very im- 
portant. This region has probably received the most 
attention to date in attempts to find materials which 
show a minimum weight of ablation. This is also re- 
flected in many test facilities which subject materials to 
extremely high heat flux rates for short periods of time. 
The reason for this has been the extreme interest ex- 
hibited in stagnation heating where the heat flux rates 
are normally very high. Intermediate heat flux rates 
which may exist for geometries other than stagnation 
points and missions other than “‘slick’”’ re-entry result in 
a critical interest in the pk product, temperature and 
heat of ablation. Two examples of this are the Mars 
entry and nozzle exit. The inclusion of the pk product 
is the important point; coatings which do not have low 
pk do not provide thermal protection irrespective of 
their ablation properties. It would thus appear that 
more effort should be directed toward finding efficient 
materials for the intermediate heat flux region; this is 
not nearly as straightforward as for the high heat flux 
region. In view of the preceding points, it can be seen 
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Fig. 10. Most effective protective coatings for different thermal environ- 
ments. 
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Refractory Materials 


Part II—High-Temperature Behavior 


Part I, published in June, discussed the general technology of refractory materials, their stability, 
and their mechanical behavior at low temperatures. Part II discusses their mechanical behavior at elevated temperatures 
and the physical properties important in controlling thermal stresses developed in structural applications. 


Future trends for these materials are also suggested. 


Robert |. Jaffee and Daniel J. Maykuth 
Battelle Memorial Institute 


a MATERIALS are being considered for 
structural elements in advanced airframe and propulsion 
structures. In last month’s issue, Part I of this two- 
part article dealt with the compositions of refractory 
materials, comprising 122 materials melting above 
1,800°C., and their general technological behavior, 
using metals as a frame of reference. The questions of 
stability in service and low-temperature brittleness 
were also covered. Part II in the current issue deals 
with mechanical behavior of refractory materials at 
elevated temperatures. This includes the thermally 
activated process of diffusion, creep, and recrystalliza- 
tion, which are important to the ability of a material to 
maintain structural integrity at elevated temperatures. 
Thermal stresses loom equally important as mechanical 
stresses for many of the expected applications of re- 
fractory materials. The physical properties governing 
thermal stress are compared. The course of future 
developments in this very new field is briefly outlined. 


High-Temperature Mechanical Behavior 


Some elevated-temperature properties of metals are 
influenced by thermal agitation of the atoms. These 
thermally activated processes include diffusion, creep, 
recrystallization, and melting. Dorn” and others have 
shown that elevated-temperature creep of metals occurs 
by a process of dislocation climb, which requires thermal 
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Fig. 7. Correlation of the activation energies for creep, stress-rupture, 
and self-diffusion with the melting temperature.!” 
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activation and diffusion of atoms. The creep rate 
varies with temperature according to the relationship 


he 


where € is creep rate, X the universal gas constant, 7 
the absolute temperature, and Q the activation energy 
for creep. The greater the activation energy and the 
lower the temperature, the lower will be the creep rate, 
according to the exponential function. For high-tem- 
perature creep [7° >(1,2)7,,|, the activation energy for 
creep and that for self-diffusion are equal and correlate 
well with melting point, as illustrated in Fig. 7. Thus, 
materials with greater melting points offer the greatest 
potential for development of high-temperature strength. 

Recovery and recrystallization also are thermally 
activated processes. Strength is maintained rather well 
up to recovery temperatures, beyond which it drops 
rapidly. The grain boundaries relax under stress, and 
the metal recrystallizes during deformation, and the 
nature of the fracture changes from ductile shear to less 
ductile grain-boundary fracture. Below the recovery 
and recrystallization temperature, metals may take 
advantage of strengthening by work-hardening. A 
chart illustrating the work-hardening and recrystalliza- 
tion of the refractory metals is shown in Fig. 8. It is 
apparent that the metals with high activation energies 
for self-diffusion and high melting points also have high 
recrystallization temperatures. 

It is difficult to make a valid comparison of the 
strengths of the refractory metals on the basis of homol- 
ogous temperature 7'/7), because of the potent effects 
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Fig. 8. Softening and recrystallization of the refractory metals. 
(Materials with 30 to 50 per cent cold work and heated one hour at 
temperature.) 
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Fig. 9. Larson-Miller plot comparing rupture properties of high-purity 
tantalum, Ta-C, Ta-O, and Ta-N alloys.!? 


of impurities. The impurities are most influential at 
lower temperatures, but in some cases the effects also 
persist to elevated temperatures. This is particularly 
the case when the impurities form finely dispersed 
phases that inhibit creep. The effects of interstitially 
dissolving oxygen and nitrogen and dispersion-forming 
carbon on the high-temperature strength of tantalum 
are illustrated in Fig. 9. Indeed, fine dispersion of in- 
soluble phases is one of the chief mechanisms for im- 
proving elevated-temperature creep. Grain size also 
affects elevated-temperature behavior. When the strain 
rate in deformation is high enough that transcrystalline 
slip is the primary mode of deformation, decreasing the 
grain size improves strength. At lower strain rates and 
higher temperature, when grain-boundary shear is the 
predominant mechanism, decreasing the grain size 
decreases creep strength. For maximum resistance to 
creep at the highest possible temperature, large grain 
size is definitely beneficial. 

The elevated-temperature strength of refractory 
metals may be improved by cold work, solid-solution 
alloying, interstitial solution, and dispersions of insolu- 
ble compounds. Some alloys derive their elevated- 
temperature properties from all mechanisms, whereas 
for others only one or two may be operative. In the 
case of molybdenum, solid-solution alloying and dis- 
persion-hardening from the interaction of carbon with 
reactive alloying elements are the primary mechanisms. 
Most molybdenum alloys are used in the hot-cold 
worked condition, and recrystallization is avoided be- 
cause of the loss in high-temperature strength and the 
increased low-temperature brittleness that result. A 
typical high-temperature molybdenum alloy is Mo- 
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).511-0.07Zr, with 0.03 to 0.05 per cent carbon present 
for the formation of fine, submicroscopic carbide dis- 
persions. In the case of tungsten, alloying is chiefly 
through insoluble-oxide dispersions, such as thorium 
The high-temperature strength characteristics 
of molybdenum and tungsten and their alloys are illus- 
trated in Figs. 10 and 11. 

Solid-solution strengthening is of considerable im- 
portance in columbium and tantalum alloys. As a 
result, they tend to use larger amounts of alloy content, 
as illustrated by the Cb-15W-5Mo-1Zr and Ta-10W 
alloys. In the case of the columbium alloy mentioned, 
interstitial carbon also is added to form a finely dis- 
persed carbide, which contributes considerably to 
strength. 

In commercial alloys of molybdenum and tungsten, 
solid solution is achieved by alloying with each other. 
For limited applications, substantial additions of 
rhenium to tungsten and molybdenum are very bene- 
ficial to elevated-temperature strength, as well as to 
improvement of low-temperature ductility. 

It is of interest to compare the elevated-temperature 
strength of nonmetals with those of metals, shown in 
Fig. 11. The resemblance in behavior is remarkable. 
It is seen for the oxides that there is a change in be- 
havior, and a rapid loss in strength occurs at 1,000° to 
1,200°C. This behavior is the result of the change in 
fracture characteristics from transcrystalline to inter- 
crystalline.t The same behavior occurs in metals in 
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refractory metals in the recrystallized condition. 


the recovery-recrystallization temperature. The loss 
in strength occurs at a homologous temperature of 0.6 
for aluminum oxide, 0.35 for ZrC, and 0.5 for MgAlOx. 
This is roughly the same homologous-temperature range 
where the knee in the strength curve for metals occurs. 
Thus, the strength potential of the nonmetals may be 
considered in relation to their melting point, similar to 
metallic materials. Structural properties are generally 
maintained up to about 60 per cent of the absolute 
melting point. 

In many nonmetals, such as MoSi, and graphite, 
strength increases as temperature increases. This same 
trend is apparent in Fig. 12, where modulus of rupture 
in bending is plotted for various nonmetallic materials. 
The low strength at low temperature may be the result 
of excessive notch sensitivity, with premature fracture 
occurring before the intrinsic strength of the material 
is achieved. The same behavior may be noted in 
notched molybdenum, as shown in Fig. 13. It appears 
that both MoSt and graphite reach a strength peak, 
beyond which strength drops—probably as a result of 
grain-boundary fracture. 

As illustrated in Fig. 11, the elevated-temperature 
strengths of metals can be considerably enhanced by 
alloying. Strengthening through alloying also appears 
possible for some of the intermetallic compounds, as 
illustrated for NiAl in Fig. 12. 

The strengths of metals below their recrystallization 
temperatures are much greater than those of nonmetals. 
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Thermal conductivities of various refractory materials as © 
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Only above temperatures of 2,400°C. does graphite 
show a strength advantage relative to metals. The en- 
velope of the strength-temperature curves is seen to 
consist of W-30Re up to 1,750°C., W-1ThO, to 2,500° 
C., and graphite at higher temperatures. 


Physical Properties and Thermal Stresses 


Most thermal-shock equations use the parameter 
oK/Ea, where o is fracture strength, K thermal con- 
ductivity, E modulus of elasticity, and a coefficient 
of thermal expansion. Since it is most desirable to 
have this parameter as high as possible, one should try 
to maximize strength and thermal conductivity and 
minimize modulus of elasticity and expansion coefficient. 

The thermal-shock parameter relates to elastic 
stresses and no longer applies when the thermal strain 
exceeds the ability of the material to respond elastically 
to stress. If thermally induced stresses are higher, the 
material will deform plastically or undergo fracture. 
Thermal stresses generally exceed the plastic limit as a 
result of a high coefficient of expansion operating over a 
wide temperature difference. Therefore, thermal ex- 
pansion is the most important factor in the parameter. 
Thermal conductivity also is important, irrespective of 
whether or not the stress exceeds the yield point of the 
material. 

In the preceding sections, the strength properties of 
refractory materials were discussed. It is apparent 
that the metallic materials have by far the best strengths 
up to temperatures of about 2,400°C. The moduli of 
elasticity of some refractory materials are shown in Fig. 
14.as a function of temperature. Most of the available 
data are on metals and metallic alloys. The data illus- 
trating most of the nonmetallic materials were con- 
verted from the modulus of rigidity, assuming a Pois- 
son's ratio of 0.2. The modulus for metals is highest for 
the heavy metals in the higher period groups of the 
periodic table, like tungsten, molybdenum, rhenium, 
iridium, and osmium. Fig. 15 illustrates the variation 
of modulus with periodic group number. The refrac- 
tory metals in Group V have considerably lower moduli 
of elasticity, with the lighter metal columbium having 
the lowest of those shown. Other than for minimizing 
thermal stresses, it is, of course, desirable to have a 
high modulus of elasticity in structural applications. 

The thermal conductivity of the refractory mate- 
rials is illustrated in Fig. 16. It should be noted that 
there are three logarithmic cycles involved in the chart, 
illustrating the wide difference in thermal conductivity 
of the refractory materials. The refractory metals are 
notable for their high conductivity values and are 
followed closely by graphite, although the conductivity 
of graphite drops off significantly at the higher tem- 
peratures. The next group of materials are the metal- 
lically bonded carbides and intermetallic compounds. 
Lower still are the nitrides, and lowest the oxides. 
Boron nitride is an exception to the ranking of metals, 
carbides, nitrides, and oxides, in order of decreasing 
thermal conductivity. 

The thermal-expansion coefficient for refractory 
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Fig. 17. Variation of expansion coefficient with melting point. 


materials as a function of melting point is illustrated in 
Fig. 17. Lines are shown bracketing the variation of 
expansion coefficient for metals. There is a reasonably 
good correlation for metals of lower expansion coefficient 
as the melting point increases. Graphite appears to fit 
this correlation. No correlation with melting point 
appears to exist for the oxides, carbides, and nitrides 
illustrated. 

As a result of the importance of expansion coefficient 
and thermal conductivity in thermal shock, the best 
behavior is found with the most refractory metals, 
particularly those with sufficient ductility to undergo 
plastic deformation as thermal stresses exceed the yield 
strength. For the nonmetallic materials, graphite, 
beryllium oxide, and silicon carbide have the most out- 
standing resistance. 


Future Developments 


The pace of research and development on refractory 
materials is accelerating. We can expect the present 
fairly elementary stage of development to be consider- 
ably advanced over the next several years. 

For refractory metals, the development of alloys of 
superior elevated-temperature strength and, in some 
cases, improved oxidation resistance is practically as- 
sured. The development of coatings to protect these 
materials for the short excursions to the extremely high 
temperatures anticipated in leading edges also appears 
to be rather certain. Considerable work is now being 
done on fabricating processes for large sheets, forgings, 
and extrusions of these structural metals, and products 
of aircraft quality are to be expected. The importance 
of electron-beam melting, purifying, and consolidating 
refractory metals should increase. Powder metallurgy 
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should gain in importance, particularly in dispersion- 
type molybdenum and tungsten alloys. 

In nonmetallic materials, considerable efforts, which 
should bear fruit, will be made to produce high-purity 
materials of minimum or negligible porosity. Through 
this means, the problems of low strength should be re- 
duced, although it is doubtful that significant im- 
provements can be expected in the ductility of the non- 
metallic materials. At the same time, a design phi- 
losophy for ceramics will be developed whereby these 
materials will find increasing use in high-temperature 
structures, despite their brittleness. The silicides will 
assume major importance in protective-coatings systems 
for refractory materials. In contrast, greater utility 
of intermetallic compounds should result from exploita- 
tion of their plasticity properties. The intermetallic 
compounds afford a base for alloying, similar to the 
alloying of metals, and higher strengths at elevated 
temperatures should result from this. Their chief 
limitation will be their low melting points relative to 
those of other refractory materials. 

Finally, basic research on refractory materials is 
increasing and will continue to increase. A better 
understanding will be obtained of the bonding in these 
materials and their mechanical and physical behavior. 
Future improvements in the performance of refractory 
materials can be confidently expected as a result of this 


considerable research effort in the refractory-materials 
field. 
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Sonic Boom (Continued from page 24) 


Conclusion 


Altitude is naturally the best solution to the sonic boom 
problem. Not only does it bend the shock wave with 
its temperature gradient, it also dissipates the pressure 
rise with distance. Therefore, maximum altitude should 
be reached as soon as possible, and this can be done by 
climbing at subsonic speeds or at maximum practical 
climb path angle. During the climb, the speed must be 
kept below the cutoff Mach number in order to avoid 
an extremely severe boom on the ground. <A quick 
reference should be made to Fig. 12 for an indication of 
the possibility of the boom reaching the ground. No 
boom should be permitted to reach the ground until 
the aircraft has reached an altitude of 50,000 ft. Above 
this altitude the aircraft will not cause objectionable 
pressure rises on the ground even at flight Mach num- 
bers of 3.0. 

As the descent penetrates the 50,000-ft. level, the 
aircraft should be at transonic speeds since the clescent 
path angle will otherwise tend to make a strong boom 4 
certainty. (Continued on page 435) 
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Prediction of Flexibility . . . 


(Continued from page 31) 
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Heat Protection... 
(Continued from page 38) 


that the right choice of materials for thermal protection 
must be made from the knowledge of both material 
properties and their environmental use. 
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CHIEF DESIGN ENGINEER 


Unusual opportunity for competent Engineer. 


Must be capable of originating new design concepts 
primarily in the structural field. 


Of equal importance is ability to supervise Design Sec- 
tion of Product Development Department. 


Successful applicant will have extensive experience in 
the above fields coupled with a thorough knowledge of 
physical and chemical properties of aluminum. 
Southeastern location. 


Salary to $18,000 


Write in complete confidence giving age, education, ex- 
perience and salary required to: 


Box #972 
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The Air Force has selected Hamilton Standard to 
produce 150 air traffic control vans, plus 53 trailer- 
mounted electronic shops for servicing the control vans 
and other types of electronic equipment in the field. 
The van will be used, as shown here, by the Tactical 
Air Command to direct air traffic at remote or tem- 
porary landing fields. 


LIGHTWEIGHT, RUGGED, EASY-TO-OPERATE—Each 
van weighs about a ton, measures 5’ x 5’, yet houses an 
operator, transmitters, receivers, and most of the basic 
weather equipment of large airport control towers. The 
units are built to withstand the most grueling en- 
vironmental conditions—sand, wind, dust, ice, humid- 
ity, altitude. Every construction element—equipment, 
lighting, sound conditioning—is engineered to blend 
man and equipment into an efficient operating unit. 


SPECIAL DELIVERY PACKAGE 


Portable air traffic control towers—to be produced 
by Hamilton Standard —can be flown or trucked 
to speed mobilization of remote TAC air fields 


STANDARD 


OTHER GROUND SUPPORT EQUIPMENT IN PRODUC- 
TION at Hamilton Standard includes liquid cooling 
carts for an advanced airborne missile system, cooling 
packages for a missile silo application, and electrical 
simulators for military cargo aircraft. 


SOLID FOUNDATION FOR YOUR GSE—Hamilton 
Standard has the ability to supply the widest range of 
aircraft and missile ground support equipment—from 
tiny precision components to complete architectural 
structures and weapon subsystems. This ability stems 
from over 40 years’ experience in systems-engineering 
its own laboratories and broadening product lines. To 
learn how this vast engineering resource and Hamilton 
Standard’s world-wide service organization can serve 
you, phone or write: Hamilton Standard Ground Sup- 
port Equipment Department. 


DIVISION OF UNITED AIRCRAFT CORPORATION 


for space vehicles and such advanced air- 
craft as the B-58, 880, B-70 are important 
aspects of Hamilton Standard diversification. 


WINDSOR LOCKS, CONNECTICUT 


ENGINE CONTROLS for over 20,000 air- 
craft gas turbines have been produced by 
Hamilton Standard. The company's latest con- 
trol work involves advanced rocket engines. 


ELECTRONICS at Hamilton Standard includes 
broad experience in flight control, instrumenta- 
tion, static power inversion and electrical con- 
trol for aircraft, missile and GSE components. 
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Meer the Staff 


An Aero Space Engineering feature 
on personnel of the IAS 


Lawrence Prezzano— 
Membership Custodian 


One of New York’s rarest denizens, a 
native New Yorker, Larry Prezzano has 
at his fingertips every IAS member’s 
entree to the Institute ... his application 
form. Larry joined the IAS staff as part 
of the Membership Department in Oc- 
tober, 1945, when headquarters were lo- 
cated in Rockefeller Center’s RCA Build- 
ing. Since that time, he has been cus- 
todian of membership records and has 
supervised the processing of all applica- 
tions of prospective members. This latter 
entails the screening and preparation of 
applications with accompanying data for 
submission to the Membership Com- 
mittee, 


ias News 


Now a resident of the borough of Queens 
(one of New York City’s five), Larry 1s 
blessed with the sive gua non of the city 
dweller’s rarely fulfilled passion...a 
place to have a garden...and spends 
much of his spare time there. He is also 
a fishing devotee and casts his line as 
often as time permits K.B. 


News of Members 


Harry Archer (M), formerly Eastern 
District Supervisor for Champion Spark 
Plug Co., has been appointed Aviation 
Marketing Assistant for the company. 

Carl F. Baker (F) has been named 
Quality Manager of Chandler Evans 
Corp. Prior to joining Chandler Evans, 
Mr. Baker was Quality Manager for 


Rolf D. Buhler (M) has been appointed Vice- 
President of Plasmadyne Corp., a subsidiary of 
Giannini Scientific Corp. Dr. Buhler formerly 


served as Head of Plasmadyne’s Physical Gas 
Dynamics Division. 
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Hamilton Standard Division of United 
Aircraft Corp. 

Robert E. Beach (A), Corporation 
Counsel for United Aircraft, has been 
elected a Vice-President of the corpora- 
tion. 

G. E. Burkheimer (M), formerly Chief 
of Technical Services, Advance Engineer- 
ing, Convair, Division of General Dynam- 
ics Corp., has been named Assistant 
Chief Engineer, Advance Engineering, for 
the Division. 

Charles H. Chatfield (F), Secretary of 
United Aircraft Corp., has been elected a 
corporate Vice-President. 

H. H. Christensen ( AF ) has been named 
Manager—Advance Space Navigation En- 
gineering for the Advance Engineering 
Operation of General Electric’s Light 
Military Electronics Dept. Mr. Chris- 
tensen was formerly Manager—Flight 
Control Application Engineering for the 
department. 

Robert M. DeHaven (M) has been 
appointed Manager of the Flight Test 
Division of Hughes Aircraft Co. He was 
formerly Associate Director of the Divi- 
sion. 

Douglas T. Egbert (MM), formerly Wash- 
ington, D.C., Engineering Representative 
for Northrop’s Norair Division, has been 
appointed Director of Astronautics and 
Research Marketing for the Division. 

Richard G. Folsom (AF), President of 
Rensselaer Polytechnic Institute, was re- 


cently elected to the Board of Directors 
Air Reduction Co., Inc. 

E. W. Fuller (M) has been appoint 
Manager of the newly reorganized Speci: 
Products Division, Nuclear Produc 
Branch, of Lockheed Aircraft’s Georg: 
Division. Mr. Fuller previously 
Equipment and Maintenance Staff En- 
gineer. 

Edwin P. Hartman (M) has been as- 
signed to the Department of Supply of the 
Commonwealth of Australia as the NASA 
Senior Scientific Representative. Mr 
Hartman was formerly with the Technical 
Division of NASA’s Western Operations 
Office. 

Benjamin J. Kaganov (AF), formerly 
Director of Research and Advanced [De- 
velopment for Canadair Ltd., a Division 
of General Dynamics Corp., has joined 
Canadian Aviation Electronics Ltd. in 
the newly created position of Executive 
Vice-President. 

L. J. Lekus (AF), a Proposal Evaluation 
Engineer for General Electric’s Missile 
and Space Vehicle Dept., has been ap- 
pointed Manager of Business Program- 
ming in the Department’s Marketing 
Section. 

Stanley R. Lipson (A) has joined General 
Electric’s Missile and Space Vehicle Dept. 
as Systems Engineer—Configuration, in 
the Advanced Re-Entry Vehicle Engincer- 
ing Operation. He was formerly <Ad- 
vanced Design Project Aerodynamicist 
with the Fairchild Aircraft-Missile Divi- 
sion. 

J. J. Marcinek (M), formerly Head of 
Aerophysics and Mechanics, Convair, 
Division of General Dynamics Corp., has 
been named Chief of Pre-design and 
Physies for the Division. 

G. J. Rauschenbach (M), former Direc- 
tor of Requirements for The Martin 
Company’s Denver Division, has been 
appointed District Representative of 
Martin’s Huntsville, Ala., office. 

Iden F. Richardson (M) has been ap- 
pointed a Vice-President of Hughes Air- 


Bertram Mintz (M) has been named Chief Ap- 
plication Engineer for Hughes Tool Company's 
Aircraft Division. Prior to joining Hughes, Mr. 


Mintz was Eastern Representative for R&D for 
the Marquardt Company. 
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Unique "White Rooms" 
Improve Miniature Ball Beating Reliability / 


ir. 


In these rooms infinitesimal air-borne contaminants 
are scientifically whisked from the air... away 
from super-precision miniature ball bearing parts. 
New Departure's White Rooms date back nearly 
twenty years. And today, they're a major factor in 
N/D's growing recognition as a leader in M/I ball 
bearing reliability. 

At N/D, miniature ball bearings are completely 
assembled in properly humidified, temperature con- 
trolled atmospheres. Advanced air filter systems 
completely change the air in these spotless rooms 
every few minutes. In addition, pressurized access 


MINIATURE £1 


ae 


air locks and individual counter-top pressurized 
chambers are used by N/D's skilled technicians 
during final assembly and statistical inspections. 
These methods and equipment are only a few of the 
reasons why more and more major missile con- 
tractors, today, rely on New Departure Miniature 
and Instrument ball bearings. 

If you are working on a new miniature ball bearing 
application where reliability is critical, include an 
N/D Sales Engineer in your design discussions. Call 
or write Department L.S., New Departure Division, 
General Motors Corporation, Bristol, Connecticut. 


VUMENT BALL BEARINGS 
proved reliability you can build around 
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Jean R. Nelson (M) has been named Director of 
Engineering by Winzen Research, Inc. Prior to 
coining Winzen, Mr. Nelson was Project Engineer 
for the Aeronautical Division of Minneapolis- 
Honeywell Regulator Co. 


craft Co. He also continues to serve as 
Manager of the company’s Commercial 
Products activities. 


William L. Rogers (M), former Vice- 
President, Azusa Operations, Aerojet- 
General Corp., has been promoted to Vice- 
President, Azusa Plant, encompassing 
responsibility for the entire plant includ- 
ing all service functions as well as operat- 
ing activities. 


Lt. Gen. Bernard A. Schriever, USAF, 
Commander, ARDC (AF), was awarded 
on May 2 the General H. H. Arnold 
Trophy of the Arnold Air Society, a 
nation-wide organization of Air Force 
cadets. The award, for ‘‘countless con- 
tributions to world peace,” stated that 
General Schriever, ‘in addition to being 
the leader among leaders, has made count- 
less contributions to world peace as a lead- 
ing architect of this nation’s missile 
power.” 


Ronald S. H. Toms (AF), formerly 
Director of Wiancko Aeronautics, has 
joined Electro-Optical Systems, Inc., as a 
Senior Scientist, working on development 
of an ion motor. 


George E. Tubb (M) has been named 
Director of Marketing for Electro-Tec 
Corp. Mr. Tubb was a Management and 


Marketing Consultant prior to joining 
Electro-Tec. 


G. T. Willey (M), Vice-President and 
General Manager of The Martin Com- 
pany’s Orlando Division, has been named 
to the Board of Directors of the Associated 
Florida Private Colleges. He will join 
the Board officially on January 1, 1961. 
AFPC includes Barry College, Florida 
Southern College, Rollins College, and 
Stetson University. 


+> 


Corporate Member 
News— 


e Fairchild Camera and Instrument Corp. 
has announced construction of an En- 
vironmental Test Laboratory, geared 
to the testing of complete intelligence 
gathering and other systems under space 
environments. 


e General Applied Science Laboratories, 
Inc., has moved to new quarters at Merrick 
and Stewart Avenues, Westbury, L.I., 
N.Y. 


e General Electric Co. broke ground for 
its Space Technology Center in Valley 
Forge, Pa., on April 21. The first phase 
of the construction plan is expected to be 
completed by the end of 1961. This 
phase will consist of a number of integrated 
buildings, including a headquarters for 
the Missile and Space Vehicle Dept., 
Space Sciences Laboratory, and = an 
engineering and development facility. 


eThompson Ramo Wooldridge Inc. has 
established an International Division to 
coordinate the company’s foreign opera- 
tions. The division will be located in the 
west coast headquarters of Thompson 
Ramo Wooldridge, Canoga Park, Calif. 
George W. Fenimore has been appointed 
General Manager. 


United Aircraft Corporation’s subsid- 
iary, United Technology Corp., has 
moved to new headquarters at 587 
Mathilda Ave., Sunnyvale, Calif. The 
company’s new mailing address is P.O. 
Box 358, Sunnyvale 


In accordance with plans reported 
in the June issue of Aero/Space 
Engineering, the October, and first, 
issue of [AS News ( prepared in news- 
letter format) will be published and 
mailed to the Institute's more than 
16,000 graded members on Sept. 15 
and on the 15th of each succeeding 
month. 


ATTENTION IAS MEMBERS! 


Plans to increase the technical 
article content of Aero/Space En- 
gineering will take effect with the 
October issue, which will continue to 
be published and mailed on the first 
of each month to IAS members plus 
several thousand other subscribers. 

This year’s IAS Roster Issue of 
A/SE will appear next month. 
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IAS Sections 


Cleveland-Akron Section 
Expandable Structures 


Dr. Robert S. Ross, Manager of thie 
Aeromechanics Research and Develop- 
ment Dept., Goodyear Aircraft Corp., 
addressed the April 19 dinner meeting 
on the subject of ‘‘Applications of Expand- 
able Structures to Space and Re-Entry.”’ 

Illustrating his discussion by the use of 
slides, moving pictures, sketches, charts, 
and samples, Dr. Ross told of inflatable 
airplanes and deceleration balloons. He 
also discussed ultra-high-altitude aircraft, 
re-entry vehicles, solar collectors, space 
stations, lunar structures and expandable 
antennae, all of which may be potential 
applications for expandable structures. 

Preceding the dinner, the Babcock & 
Wilcox Co. Boiler Division plant was 
toured. Principal products of this division 
are boilers and steam generating equip- 
ment for public utilities, electrical power 
stations, industrial power and _ process 
plants, heating plants and marine service. 

R. K. CHAMBERLAIN 
Secretary 


Detroit Section 


Rocket Scientist Before Joint 
Meeting 


Combining knowledge of the space 
and missile programs of this country and 
foreign countries, Kurt Stehling addressed 
the April 5 joint meeting of the Detroit 
Section of the IAS and the Michigan Aero- 
nautics and Space Association. Mr. 
Stehling, Scientist for Rocket Propulsion, 
Office of Program Planning and Evalua- 
tion, NASA, discussed ‘‘Ancillary Systems 
for Space Vehicles.”’ 

Giving a general review of the NASA 
space program for the coming years, Mr. 
Stehling discussed major vehicles planning 
with a brief description of each. The 
vehicles discussed included Saturn, Scout, 
Centaur, Agena, Nova, Juno, Delta, 
Rover, Orion, Kiwi, and the component 
development effort required to support 
these major programs. <A _ considerable 
amount of detailed information on the 
design aspects and performance char- 
acteristics of these units was presented. 

In addition to the overall missile 
systems, Mr. Stehling discussed accessory 
power systems and propulsion means 
Advanced propulsion concepts, such as 
electromagnetic, and various nuclear 
systems, including the utilization of atomic 
and hydrogen bombs, were covered «is well 
as the conventional chemical and electrical 
propulsion systems. 

During the discussion period, Mr 
Stehling reviewed the current status of the 
plug nozzle programs, fuel cells, satellite 
stabilization and rendezvous, stage opera- 
tion, the AEC work on the Kiwi and Rover 
programs, and Russian Space programs. 

FRANK L. MONCHER 
Secretary 
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AIRESEARCH 
ELECTRONIC 
COOLING 
SYSTEM 


meets the most advanced missile and space vehicle requirements 


AiResearch has developed a single system 
package for missiles and space vehicles 
to meet increasing accessory power and 
cooling load requirements in the face of 
decreasing size and weight allowances. 

This integrated accessory power and 
cooling system supplies hydraulic power 
for actuating systems, 3200 or 400 cycle 
three-phase electric power for guidance 
and control, and at the same time pro- 
vides cooling both for the APU 


and all electronic equipment 


THE 


operating in the missile or space vehicle. 

The cooling system in the example 
shown here uses liquid ammonia as the 
expendable evaporant, and each heat load 
area has a separate temperature control 
valve. Alternator and controls, turbine 
assembly and APU liquid propellant fuel 
tank are patterned after operationally 
proven components. 

World leader in the design and manu- 
facture of cooling and accessory 
power systems, AiResearch has 


delivered more missile APUs than any 
other company, and is the leader in 
advanced electronic cooling systems for 
aircraft, missiles and spacecraft. 

AiResearch design and manufacturing 
experience in these two fields includes: 
liquid and solid propellant APUs; hydrau- 
lic and hot gas actuators and control 
systems; 3200 and 400 cycle alternators; 
cold plates; expendable and closed cycle 
gas and liquid cooling systems; cryogenic 
cooling systems. 

Please direct inquiries to Los Angeles. 


CORP 
AiResearch Manufacturing Divisions 


Los Angeles 45, California + Phoenix, Arizona 


Systems and Components for: AIRCRAFT, MISSILE, SPACECRAFT, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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Los Angeles Section 


Aviation to Atoms Covered 
in 2-Month Period 


Dr. Charles A. Barth, Senior Research 
Physicist, Jet Propulsion Lab., prepared 
the paper given at the April 12 Specialists 
Meeting. In discussing ‘‘The Role of 
Atoms in Aeronomy,’’ Dr. Barth reviewed 
the present knowledge of the structure and 
composition of our atmosphere by dis- 
cussing the geophysical laws involved, the 
use of atomic physics to measure prop- 
erties, and the results of direct measure- 
ments using rockets. The specific meas- 
urements of pressure, temperature, and 
oxygen atom distribution by interpretation 
of ‘‘airglow emissions”’ were emphasized. 
> A special meeting was held on April 2 
for the purpose of ‘‘A Tribute to Roy 
Knabenshue.’’ Mr. A. Roy Knabenshue, 
who passed away on March 6, 1960, 
was an early balloonist and was one of the 
first dirigible pilots in the U.S. He 
piloted the Baldwin dirigible in the St. 
Louis World’s Fair of 1904. He later 
built and flew passenger dirigibles in 
Los Angeles and Chicago. He was also 
promotion manager for the Wright 
Brothers in their public exhibition tours, 
which included airlifting the President of 
the United States, Theodore Roosevelt. 

The IAS program featured telephone- 
to-P.A. system greetings form General 
Frank Lahm, first U.S. military pilot and 


a tributary speech by A. E. Raymond, 
Vice-President of Douglas Aircraft Co., 
now retired. These and many other 
friends of Mr. Knabenshue participated 
in or were present at the program. Films 
of Mr. Knabenshue’s flights in St. Louis 
and Chicago were shown as well as of 
many Early Bird flights from the period 
before World War I, including Mr. 
Knabenshue’s activities with the Wright 
Brothers. The program enjoyed the 
interest and cooperation of the Early 
Birds, OX-5 Club, American Aviation 
Historical Society, Silver Wings, and 
Society of Experimental Test Pilots. 

> The 1960 Minta Martin Lecture was 
presented to the Los Angeles Section 
on March 31. Brigadier General B. S. 
Kelsey’s paper on ‘‘Size Considerations 
in Optimum Aircraft’’ traced historical 
patterns to show a geometric progression 
with a ratio of 2 fitted the size of successful 
aircraft. The use of such progression 
philosophy as a planning, design, and 
evaluation tool was recommended. 


> Maj. Gen. J. W. Sessums, USAF 
(Ret.) and Chairman of the Board, 
Grand Central Rocket Co., was speaker 
at the March 17 classified dinner meeting. 
General Sessums discussed “Advanced 
Rocket Propulsion Systems”’ covering the 
spectrum of forthcoming rocket techniques 
as applied to space boosters. He included 
a review of the Coanda Effect as in- 
fluencing rocket performance on the 


atmosphere. Movies of rocket throttling 
tests were also presented in the survey. 
S. J. Cosy, Secretaury 


New York Section 
Rocket Power for the X-15 


Harold Davies, Manager of Project 
Engineering for Thiokol Chemical 
Corporation’s Reaction Motors Division, 
presented a discussion entitled, ‘‘Develop- 
ment of the XLR-99 Rocket Engine for the 
X-15 Aircraft’? before the April 14 dinner 
meeting. 

The XLR-99 rocket engine for the 
X-15 aircraft, the largest rocket engine for 
manned aircraft yet developed, is provided 
with propellants by a turbo-pump and the 
entire system is fully automatic in starting 
and shut-down cyles. The engine is of 
50,000 Ib. maximum thrust (1/2 million 
horsepower at X-15 flight speeds) and 
capable of throttling to the 25,000 Ib. 
level, with successive restarts in flight. 
The propellants are liquid oxygen and 
anhydrous ammonia with decomposed 
hydrogen peroxide as the turbine drive. 

Mr. Davies traced the development of 
the engine from its initial specification 
through development to the successful 
completion of preflight rating tests. 
Inherent in the initia! design philosophy 
was the need for the engine to function 
or shut down safely under any conceivable 


PL 


RELIABILIT 


Discover Satellite 
unch vehicle thunders off the pad toward orbit 
and 


t to the succe: 
m. When the Thor- 


accuracy to a: 


predetermined 
essful and stabilization of the 


‘or the most difficult and exacting applications 
result of design integrity and precise a 
engineering and manufacturing principles. 
Advanced design concepts, environment 


and quality-controlled 


..- assure you 


Planned Reliability i in every valve and fluid contro 
that b famous: 


Whittaker na 


sing! 
of t 
effec 
in a 
and | 

Tl 
revit 
seve 
The 
attit 
tion 
func 
accu 
each 
vibr: 
mat 
The: 
fully 
awal 

M 
yet 
altit 


Ome 


WHITTA 
Controls 
lanks fo: 
énd oxid 


Write 


ats 
| 
“ 
ary- 
presi 
of t 
lune 
US. 
pportunities for qualified engineers. Why not 


WHITTAKER REGULATOR... 
Controls pressure on propellant 
Tanks for expulsion of fuel 
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single malfunction. The major elements 
of the system were described and the 
effects of the single malfunction philosophy 
in areas such as component redundancy 
and automatic malfunction monitoring. 

The preflight rating test program was 
reviewed and shown to require very 
severe conditions for rocket engines. 
The requirements called for firing in all 
attitudes and demonstrating safe opera- 
tion under any conceivable single mal- 
function. Two engines were required to 
accumulate 60 minutes of running time 
each, while a third engine was used for 
vibration testing followed by approxi- 
mately 15 minutes of running time. 
These arduous tests have been success- 
fully completed and the engine is now 
awaiting flight in the X-15 aircraft. 

Mr. Davies stated that although not 
yet fitted with the large new engine, the 
X-15 has already reached 130,000 ft. 
altitude and a speed of more than Mach 
D5: 


R. M. Woopuam, Vice-Chairman 


Omaha Section 
Low-Drag BLC Studies 


“The Applications of Low-Drag Bound- 
ary-Layer Control’? was the subject of a 
presentation by Dr. Werner Pfenninger 
of the Northrop Corp. at the April 21 
luncheon meeting. 


Dr. Pfenninger, who heads Northrop’s 
LD-BLC research and development, dis- 
cussed the results of eleven years of 
USAF-sponsored work conducted by the 
company’s Norair Division. Initial stud- 
ies were accomplished by applying 
suction to various shapes and surfaces in 
wind tunnel tests. These studies were 
verified by over 250 flights with a slotted 
metal glove installed on the upper wing 
surface of a F-94 aircraft. Full laminar 
flow under a variety of conditions was 
demonstrated in these flights. 


Dr. Pfenninger outlined the physical 
nature of the boundary layer and the 
benefits to be accrued in terms of in- 
creased aircraft performance by the 
use of BLC control. He emphasized that 
particular attention in designing a BLC 
suction system must given to 
the slots to minimize the loss of kinetic 
energy of the boundary layer as it sucked 
into the ducts. He also described the 
Northrop-developed manufacturing proc- 
esses for applying LD-BLC to wings and 
tail surfaces. 

Advancing from the straight wing, Dr. 
Pfenninger and his staff now are engaged 
in applying their knowledge of BLC to 
swept wings. Currently, wind tunnel 
tests are being conducted on models 
varying sweep angle from 30 to 60 deg. 
Swept wings compound the problem of 
boundary layer removal due to the 
tendency of the air to flow outboard. 


WHITTAKER PRESSURE REGULATOR... 
programmed for future missile use, 

is gold plated for balance of solar 
radiation... regulates gas pressure to 


nozzle valves in vernier control system. 


WHITTAKER CONTROLS 


’ Time-Proven Reliability in Fuel, Pneumatic and Hydraulic Fluid Controls and Systems!” 


FIELD ENGINEERING OFFICES: 


SEATTLE: 


* Write for vour copy of the Whittaker Controls engineering, testing and production Capabilities Brochure. 


WHITTAKER CONTROLS 


Division of 
915 North Citrus Avenue 


WHITTAKER CONTROLS: Designs 
and produces fluid control systems, 
subsystems and components for 
military and commercial aircraft 
and missiles. 


NARMCO INDUSTRIES: Specializ- 
ing in research and manufacturing 
in the field of lightweight, high- 


B strength structural components and 


materials for a variety of Military 
and Industrial applications. 


WHITTAKER GYRO: Leading 
signer and manufacturer of preci- 
sion gyroscopes, accelerometers, 
guidance and control systems. 


MONROVIA AVIATION: Producers 
of precision aircraft structural as- 
semblies and portable air condition- 
ing units for ground support 


TELECOMPUTING SERVICES, INC.: 
Specialists in data processing and 
data systems engineering. 


ELECTRONIC SYSTEMS: Specialists 
in systems management, and in the 
design and manu acture ‘of complex 
electronic and t 
for Government and industry. 


DATA INSTRUMENTS: Leading de- 
signer and producer of data reduc- 
tion systems, industrial control and 
ground support equipment. 


COOK BATTERIES: Designers and 
manufacturers of automatically and 
manually activated silver zinc bat- 
teries for mi tions. 


ELECTRONIC COMPONENTS: De- 
signers and producers of micro- 
miniature —— sub- miniature 
ceramic ¢ ampli- 
fiers, transformers and delay lines. 


PHOENIX ENGINEERING: Manufac- | 
turer and assembler of precision 
machined missile, aircraft and elec- 
tronic parts. 


TELECOMPUTING 


ATLANTA: | 3272 Peachtree Road, N.E., Atlanta, Georgia « Phone: CEdar 3-5291 

DAYTON: | Talbott Bidg.. Suite 313, 131 NorthLudiow Street, Dayton 2, Ohio « Phone: BAldwin 2-5595 
NEW YORK: | 600 Old Country Road, Suite 327, Garden City, L. 1., New York * Phone: Pioneer 1-4440 
3308 White Bidg., Seattle 1, Washington « Phone: Main 3-6150 
6427 East Kellogg Street, Wichita 1, Kansas « Phone: MUrray 2-0332 


CORPORATION 


Los Angeles 38, Californi iforni 
Angeles alifornia Los Angeles, California 


Phone: HOllywood 4-0181 


Telecomputing Corporation is a unique combina- 
tion of carefully integrated organizations. It is 
staffed with scientific talent of rare ability, designed 
for the purpose of managing entire Space Technol- 
ogy and Weapon System Projects. Telecomputing 
is developing advanced concepts in industrial and 
military control systems. 
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Dr. Pfenninger discussed methods of 
coping with this crossflow problem and 
cited the results of Northrop’s wind tunnel 
tests. 

In summation, Dr. Pfenninger stated 
that Northrop’s work has ‘‘verified that 
laminar flow can be maintained on 
complicated surfaces by means of bound- 
ary-layer suction, thus leaving the 
designer of a laminar suction airplane an 
increased number of design tools at his 
disposal.” 

MICHAEL J. MCALISTER, Secretary 


San Diego Section 


March, April Meetings Varied 
in Subject Matter 


Kenneth E. Newton, Chief Test 

Conductor-Atlas Program, presented an 
informal discussion before the April 21 
dinner meeting. In presentation, 
‘Russia Seen by a Tourist’’, Mr. Newton 
described his reactions based on_ his 
1959 visit to the USSR as part of a 
National Aeronautics Association team 
sent for the purpose of discussing private 
aviation. 
p The April 7 technical meeting featured a 
discussion on ‘‘Jet Expansion and Base 
Recirculation Analysis’? by Dr. J. M. 
Bowyer, Jr., Design Specialist in the Fluid 
Dynamics Group at Convair. Dr. Bowyer 
described two methods of analysis which 
he had applied to the problem. In the 
first, exact solution of the problem, 
idealized to one of axial symmetry, was 
obtained by the method of characteristics. 
This solution is restricted to adiabatic 
but rotational flow of a free jet into a 
quiescent, supersonic or hypersonic 
stream. Shock waves are included as 
they originate and propagate through the 
flow. In the second part, a similarity 
analysis of the problem was obtained 
from the governing differential equations 
and accompanying boundary conditions. 

Application of the first method, in 
order to determine particular flows in the 
vicinity of a missile base, and of the 
second, in order to devise valid model 
tests of complex missile configurations, 
were described. Corresponding results 
were presented. 
> ‘Solar Flare Radiation Hazard to 
Manned Space Flight’? was the subject 
of a presentation before the April 29 
Space Science meeting. Donald Robey 
of Convair-Astronautics presented  in- 
formation on radiation levels that result 
from solar flares and showed how the 
intensity and frequency of the flares vary 
periodically. The mechanism of solar 
flares was described as it is currently 
understood—it was pointed out that 
relatively little is known about this 
phenomenon. At the conclusion of his 
talk, Mr. Robey showed movies of solar 
flares in action that had been photo- 
graphed with the aid of high-powered 
telescopes. 
p> Dr. M. L. Rosenzweig, a member of 
the Propulsion Research Dept. of Space 
Technology Laboratories, Inc., addressed 
the March 24 meeting on the subject of 
‘‘Materials for Ablating Heat Shields.”’ 
He first presented an introduction to the 
characteristics of the various ablation 
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processes and a description of the physical 
properties of several types of materials. 

The parameter most often used to 
characterize ablation materials (Q*, “‘effec- 
tive heat of ablation’’) was defined and 
simple formulas for its evaluation were 
derived. Several different heat shield 
applications were suggested, and the dif- 
ferences in the material properties 
required to perform missions 
were pointed out. Methods currently 
used to test and evaluate ablating mate- 
rials were discussed. The talk was supple- 
mented by a color movie of tests on 
several ablation materials. 


p> The March 22 meeting was addressed by 
E. C. Holleman and H. R. Greider. Mr. 
Holleman, an aeronautical research engi- 
neer at NASA’s High Speed Flight 
Station, Edwards Air Force Base, spoke 
on “Utilization of the Pilot in the Launch 
and Injection of a Multistage Orbital 
Vehicle.’’ Representing multistage rocket 
launchings by fixed base and centrifuge 
simulators, he investigated the capabilities 
of the human pilot as the primary contro!- 
ler of the multistage rocket. Included in 
these tests were the effects of the launch 
acceleration profile on the task of control 
ling two- and four-stage vehicle launches. 

Results were good—with adequate 
support system the only effect on the 
pilot due to launch acceleration was loss 
of peripheral vision. By breathing 100 
per cent oxygen the pilot was able to 
withstand 14g. Little effect of the 
pressure suit was noted on the pilot’s 
performance. The test concluded that 
if the pilot were placed in a vehicle 
throughout the launch, he would be 
able to cope with emergency situations. 
Further research necessary for maximum 
utilization is to be made. 

Mr. Greider, who for the past three 
years has been working on the develop- 
ment of the Mercury environmental 
control and life support systems at 
McDonnell Aircraft Corp., discussed de- 
sign criteria and operational methods 
for the project. Presenting the company’s 
approach to the design and _ various 
problems encountered during the pro- 
gram, Mr. Greider included a complete 
description of the operation starting two 
hours before blast-off—when the astronaut 
first enters the capsule, initial launching, 
climb-out, separation, orbit, and recovery. 

WALTER P. ROBINSON 


San Francisco Section 


Orbiting Astronomical 
Observatory 


Robert M. Crane, Chief, Aero-Thermo- 
dynamics Div., Ames Research Center, 
NASA, discussed some of Ames’ activity 
in the NASA Space Program before the 
April 21 meeting. Title of his discussion 
was ‘‘The NASA Program for an Orbiting 
Astronomical Observatory.’’ 

Mr. Crane pointed out that NASA 
has three major astronomical programs: 
(1) the Solar Physics Program, (2) the 
Galactic Astronomy Program, and (3) 
the Radio Telescope Program. The 
Orbiting Astronomical Observatory is one 
phase of these astronomical programs and 
is under the direction of Dr. Nancy 
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Roman in the NASA Office of Space 
Flight Programs. The project manager 
is Robert Ziemer of the Goddard Space 
Flight Center. The Ames Research 
Center role is primarily one of preparing 
contractor bid specifications for the Orbit- 
ing Astronomical Observatory. 


Mr. Crane’s remarks centered mainly 
on the satellite for the galactic astronomy 
and solar physics programs. A major 
objective in these programs is to get a 
telescope, remotely controlled, into space 
so that stellar information can be collected 
outside of the absorptive influence of the 
earth’s atmosphere. Mr. Crane pointed 
out that at present this approach appears 
to be more feasible than utilizing a 
manned platform because the former will 
not have the momentum disturbances 
which a man moving on the platform 
would create. The external torques that 
a telescope-platform control system has to 
compensate for, he said, are as follows: 
(1) solar radiation, (2) gradients due to 
the earth’s gravitational field, (3) electrical 
coupling of the satellite electrical-systems 
magnetic field with the earth’s magnetic 
field, and (4) aerodynamic forces at low 
altitude (400 miles). The external torques 
from these combined sources are not 
expected to exceed a 100 dyne centimeter 
control capability both on coarse and 
fine tracking. Torque specifications will 
include, moreover, a requirement for 
fine control to 0.1 second of arc. 


Ames Research Center has considered 
the engineering aspects of a carrier 
vehicle for a telescope in space as falling 
into five broad categories: (1) attitude 
control, (2) power systems, (3) thermal 
balance, (4) communication aspects, and 
(5) vehicle layout considerations. Mr. 
Crane noted that several systems are 
being considered for creating the necessary 
torques; the reaction wheel, the gyro 
wheel, vapor jet and cold-gas jet. These 
techniques, he noted, present a smaller 
problem than the techniques for detecting 
minute angular errors. Solar and star 
trackers are being considered, and these 
will, of necessity, have to perform their 
functions by time-sharing certain wave 
lengths with the observational program 
being carried on. Special attention 
is being given to methods for minimizing 
the amount of work required of the 
control system. A torque of about 20 
dyne centimeters is expected to accrue 
from the satellite being constantly exposed 
to solar radiation pressure, a force field 
roughly equivalent to about one-tenth 
of an ounce per acre. He noted too, that 
very small satellite geometrical asym- 
metries (1 part in 1000 in moment of 
inertia) can increase significantly the 
work load for the control system. Power 
requirements are estimated to be about 
100 watts normally demanded, with a 
peak requirement of about 200 watts. 
Special provisions will be required for 
keeping hardware at temperatures of 
optimum performance, e.g., photo detec- 
tors will have to be kept at —80°C. 


and batteries at room temperature. Be- 
cause the telescope is desired to be 
orientated in any arbitrary direction in 
space, the command system for providing 
this orientation will have to be rather 
He envisioned that data 
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We, at the Research Laboratories, are convinced that it is 
worthwhile. For example, one of the fundamental scientific pro- 
grams being undertaken is a study of the mechanism of solidifica- 
tion of polyphase alloys. 

This study is still in its early stages. However, we now have a 
better understanding of the solidification process. And we have 
demonstrated that the microstructure of certain eutectics can be 
significantly altered by controlled solidification. The contrast is 
illustrated above. 

It is possible that these binary alloys with preferred orientation 
may have unusual physical and mechanical properties. 

Perhaps you are interested in corporate—sponsored studies into 
the fundamental nature of matter. If so, we can offer a research 
environment that seems to stimulate scientists to extra achieve- 
ment. It may be due to the way we encourage an internal cross- 
fertilization of ideas; or because of a unique complex of comple- 
mentary services that free the scientist from routine analysis and 
experimental chores. 


RESEARCH LABORATORIES 


UNITED AIRCRAFT CORPORATION 


400 Main Street, East Hartford 8, Conn. 


w binary eute 
structure (250X) 
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Opportunities for 
scientists in the phys- 
ics of solids, liquids, 
gases, and plasmas. 
Current studies range 
from the fundamental 
properties of matter 
to the application of 
scientific knowledge 
to promising new 
products. 


For more specific informa- 
tion, please write to Mr. W. 
G. Walsh, at the Research 
Laboratories. 


July 1960 + Aero/Space Engineering 


= 
ad 
ve 
m * 
18 
he 
ue 
ed 
ld 
th 
1 
at 
m- 
of + 
he 
‘i 
uit 
for 
f 
0 
ec a 
3e- 
be 
in 
her 


George C. Martin, Vice-President & A 


(Left to right) Section Chairman Victor M. Ganzer, guest speaker A. Scott Crossfield, and 


t General Manager, Aero-Space Division, 


Boeing Airplane Co., at dinner preceding April 11 technical meeting of Seattle Section. 


would be stored temporarily before being 
transmitted to earth. 


NORMAN BERGRUN, Secretary 


Seattle Section 


Flight Testing the X-15; 
Chairman Ganzer on Leave 


A. Scott Crossfield, North American 
Aviation’s Chief Test Pilot for the X-15 
research aircraft, was guest speaker at 
the April 11 meeting. After a few 
introductory remarks concerning the con- 
cept of the X-15 program and the other 
flight research programs that preceded 
it, Mr. Crossfield presented a motion 
picture covering the first gliding and 
powered flights. These films included air- 
to-air pictures of the drop, free-flight, and 
landing phases of the operation. The 
landing approach characteristics of the 
airplane as well as its high landing speed 
and attitude were particularly dramatic. 

Following the film, Mr. Crossfield 
described the X-15 structure, systems, 
engines, and flight characteristics in 
considerable detail. 

Dr. Harold Martin, Chief Executive 
Officer of the Department of Aeronautical 
Engineering at the University of Washing- 
ton, and a member of the sections Advisory 
Management Committee, announced that 
Section Chairman Vic Ganzer was leaving 
soon on an extended recreational tour 
before returning to his teaching position 
at the University of Washington in the 
Fall. Mr. Ganzer was presented with 
luggage by the officers and members of the 
section. His duties as Section Chairman 
will be assumed by Vice-Chairman Yusuf 
Yoler during his absence. 


Joun Wimeress, Secretary 


Texas Section 


Southwestern Region Student 
Competition 


The Eighth Annual Southwestern Stu- 
dent Competition, conducted by the 
Texas Section of the IAS, was held in 
Dallas on April 28-30 at the Adolphus 
Hotel. Seventeen undergraduate and 
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graduate students representing thirteen 
colleges throughout the South, South- 
west, and Middle West delivered papers. 
The competition was sponsored by the 
Minta Martin Aeronautical Student Fund 
of the IAS, and four local aircraft com- 
panies—Bell Helicopter Corp., Chance 
Vought Aircraft, Inc., Convair Div. of 
General Dynamies Corp., and Temeo 
Aircraft Corp. 


Papers presented in three undergraduate 
and one graduate session dealt with 
diverse subjects, including aerodynamics, 
structures, rockets, gliders, jet transports, 
and jet engines. Luncheons held on 
Thursday and Friday presented leading 
engineers from sponsoring companies 
speaking on the general theme, ‘*The 
Relationship Between the Engineer and 
Industry.’? Bartram Kelley, Vice-Presi- 
dent of Engineering for Bell, discussed 
the background reorganization of Bell, 
and the goals an engineering student or 
engineer should have to warrant additional 
schooling necessary for obtaining a 
master’s degree. E. V. Marshall, Project 
Manager-Dyna Soar, Chance Vought 
Aircraft, Inc., spoke on the changing 
picture of airfoil requirements from the 
1920’s up to and through the present, as 
well as outlining the problems of thermal 
heating from a microscopic nature, 
including thermal stress changes due to 
variations of heating within the basic 
structures. Howard Marx, Manager of 
Develepment Planning, Temco Aircraft 
Corp., dealt with the changing nature of 
the aerospace industry in light of the 
decreased emphasis on manned aircraft 
and the great increase in the scope and 
complexity of today’s technology. Dr. 
E. L. Secrest, Chief of Applied Research, 
Advanced Design Section, Convair, gave 
an account of the nature and role of re- 
search, both pure and applied, in the 
field of aerospace technology. 


A barbecue dinner Thursday evening at 
Southern Methodist University was fol- 
lowed by a Specialists Meeting with 
Joseph A. Walker, NASA’s test pilot for 
the X-15 research airplane, as guest 
speaker. Mr. Walker discussed his expe- 
riences flying the X-15 and the plane’s de- 
sign. 
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Participants in the competition were 
taken on a tour of the plant facilities at 
Bell, Chance Vought, Convair, and 
Temco on Saturday. That evening, the 
Awards Night Dinner was held at the 
Adolphus Hotel. Principal speaker for 
the evening, J. R. Clark, General Manager, 
Astronautics Div., Chance Vought Air- 
craft, Inc., spoke on ‘Impact of Advances 
in Technology on the Aerospace In- 
dustry.’? He outlined the problems and 
challenges of the times of everchanging 
technical requirements. 


Final event of the competition was the 
presentation of awards to winning students 
by IAS President, Lt. General Donald L. 
Putt, USAF (Ret.). 

Undergraduate Division winners were: 
First prize—Arnold E. Ebneter, 
ricultural and Mechanical College of 
Texas, for ‘‘Preliminary Design of an 
FAI Class 1 Airplane and Plans for 
Establishing International Distance Rec- 
ords’’; second prize—James H. Seely, 
University of Colorado, for “A Me- 
chanical and Operational Analysis of the 
Turbo-Athodyd Engine’; third prize— 
John R. Johnston, University of Wichita, 
for ‘‘A Parametric Performance Analysis 
of a VTOL Wing-Rotor Aircraft.’’ Gradu- 
ate Division winners were: First prize 
(tie)— David A. Pirie and Geore W. Stone, 
Georgia Institute of Technology, for 
“The Response Characteristics of Simu- 
lated Pneumatic Missile Pressure Sensing 
Systems Subjected to Continuous-, Im- 
pulse-, and Shock-Type Inputs,’’ and 
David L. Kohlman, University of Kansas, 
for “fA Theoretical and Experimental 
Investigation of a High Speed Light Gas 
Gun.”’ 

C. A. Rocrrs, Jr., Publicity Chm. 
Texas Section Student Com petition 


Twin Cities Section 


Hill Award Winner Honored 
at Banquet 


Dr. James A. Van Allen, Professor aud 
Head of the Department of Physics and 
Astronomy of the State University of 
Iowa, and 1959 winner of the Louis W. Hill 
Space Transportation Award, addressed 
the Twin Cities Section at a banquet 
in his honor on April 14. Dr. Van Allen’s 
subject was ‘‘Man’s Venture into Space.”’ 


Dr. Van Allen indicated that the out- 
look for space exploration by the United 
States in the future has picked up consid- 
erably in the last couple of years. 
Stating that ‘‘we have been shamefully” 
disgraced during the past two years,” 
he then said that U.S. scientists are now 
“pulling themselves together.” Though 
the United States has had trouble match- 
ing Russian single-mindedness and deter- 
mination, Dr. Van Allen felt that it was 
doubtful that Russia’s space program has 
the depth and diversity of ours. The 
technological problems involved are 
tremendous and research is being con- 
ducted on a very high level with extreme 
care to detail. 


Dr. Van Allen felt that solar travel is 
in the distant future but will eventually 
come about; putting men into space is 
only the first step. 
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Solid State Components from Hydro-Aire 
may Solve Your Electronic Systems Problem 


loday, Hydro-Aire offers you special skills in the development of solid state compo- 
tents to help you solve your systems problems. The Hydro-Aire Electronics Division 
tas been created, staffed and tooled to provide flexibility in design, on-time delivery 
ind reliable performance. These capabilities are now producing precise answers for 
ioject engineers at Martin, Boeing, Space Technology Laboratories, General Elec- 
ne, Litton Industries, Magnavox, Autonetics, and many others. 

For a prompt answer to your inquiry, write Electronics Division, Hydro-Aire, 3000 
Vinona Avenue, Burbank. A note on your letterhead brings your copy of our new 
“ectronics Brochure. 
Qualified Electronics Engineers are invited to investigate opportunities at 
iydro-Aire by contacting Mr. Harold Giesecke. 
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Douglas is 


construction 


Revolutionary new 
“pathway” concept lets 
the operator “drive down 
the street” to anywhere — 
promises major 

civilian benefits 


Six years ago, recognizing that 
development of advanced vehicles 
was outpacing man’s ability to 
control them, the Military assigned 
Douglas the job of doing something 
basic about simplifying instruments. 

This project evolved into ANIP 
(Army-Navy Instrumentation 
Program) with Douglas coordinating 
the efforts of a highly-specialized 
industry team. 

Result has been a remarkable 
control panel design —a visual 
highway down which the operator 
drives his aircraft, spaceliner, 
submarine, tank or ship with perfect 
confidence, even when visibility 
is zero. Also provided is a 
topographical map which gives him 
visual current information on his 
position and the reach of 
his fuel supply. 

Civilian application of this new 
concept could well extend to ships, 
airliners and even trucks and 
cars which will drive themselves 
down this “electronic road.” 

ANIP is another demonstration 
of how Douglas imaginative 
thinking and practical know-how 
lead the way in today’s technology. 


DOUGLAS 


MISSILE AND SPACE SYSTEMS e 
MILITARY AIRCRAFT e DC-8 JETLINERS * 
TRANSPORT AIRCRAFT e AIRCOMB® * 
GROUND SUPPORT EQUIPMENT 
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AERO /SPACE 


... current literature of aeronautical engineering and space technology 


Tuts SECTION reviews important period- 
icals, technical and research reports, and 
books received in the IAS Library in order 
to provide basic documentation for engi- 
neers and scientists. 


INTERNATIONAL AERONAUTICAL AB- 
sTRACTS, published as an insert in each 
issue, is an accelerated reviewing service 
covering worldwide scientific and technical 
literature. This work is performed by 
the IAS Staff and is supported by the Air 
Force Office of Scientific Research of the 
Air Research and Development Command. 


For a listing of the principal periodicals 
received in the IAS Library, please refer 
to the January, 1959, issue. 


The Arro/SpacE ENGINEERING INDEX, 
formerly the AERONAUTICAL ENGINEERING 
InpEx published since 1947, provides an 
annual cumulation of the materials re- 
viewed in this section. 


THE IAS LIBRARY 


Publications reviewed in this sec- 
tion are maintained by the Library 
for use by the IAS Membership. 
They are not for sale but are made 
available through the facilities of 
the Library. 

LenpDING Services: Institute 
members, both Individual and 
Corporate, may borrow periodicals, 
reports, and books for a period of 
2 weeks, excluding time in transit. 
Excepted are certain reference books 
and those IAS publications that 
may be purchased. 

Puotocopy Services: The Li- 
brary is equipped to provide, as 
a service, positive photocopies of 
certain materials in its collections. 
Rates on request. 

For detailed information about 
these and other services, write to: 


John J. Glennon, Librarian 
Institute of the 
Aeronautical Sciences, Inc. 
2 East 64th Street 
New York 21, New York 


INTERNATIONAL AERONAUTICAL ABSTRACTS. 65 


Subject Index to Periodicals & Reports 
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Acoustics, Sound, Noise 


Fuselage Sound Attenuation—Convair 880/ 
600. Convair Traveler, Apr., 1960, pp. 8, 9. 
Description of the acoustical blanketing used to 
cover the interior of the fuselage to prevent aero- 
dynamic noise. 

Input Impedances of Simple Cylindrical Struc- 
tures. P.A. Franken. ASA J., Apr., 1960, pp. 
473-477. ONR-supported analysis, using the 
membrane theory, of the point impedance of a 
thin cylindrical shell driven at a frequency below 
the shell radial resonance. The study includes 
finite shells and rings, but does not take into 
account coupling to the external and internal 
media. 


Aerodynamics, Fluid Mechanics 


Aerothermochemistry, Dissociation, Ablation 


Recent Advances in Chemical Kinetics of 
Homogeneous Reactions in Dissociated Air. 
W. G. Zinman. ARS J., Mar., 1960, pp. 233- 
238. 50Orefs. USAF-supported review of kinetic 
reactions in a boundary layer containing dis- 
sociated air. The three-body recombination 
mechanism is examined, and the recombination 
of iodine, oxygen, and nitrogen atoms is studied. 
Radiative recombination and bimolecular reac- 
tions are also considered, and an application of 
the theories is made to the study of flames 


Use of Reference Enthalpy in Specifying the 
Laminar Heat-Transfer Distribution Around 
Blunt Bodies in Dissociated Air. E.R. G. Eck- 
ert and O. E. Tewfik. J. Aero/Space Sci., June, 
1960, pp. 464-466. Application of the reference- 
enthalpy concept to Lee’s method for predicting 
heat transfer around blunt bodies. Comparison 
is made with theory and with experimental results 
of Kemp, Rose, and Detra. Results show that 
Lee's method, modified by the reference-enthalpy 
concept, appears to predict closely the local heat- 
transfer coefficients along the surface of a blunt- 
nosed body in dissociated airflow. 


Estimation of Nonequilibrium Reaction Flight 
Regimes for Blunt Bodies at Hypersonic Speeds. 

. C. Adamson, Jr. ARS J., Apr., 1960, pp. 
358-360. USAF-supported presentation of an 
order of magnitude analysis where the characteris- 
tic time of reaction is compared to the characteris- 
tic residence time, with arbitrarily assigned 
limiting values of the ratios obtained. This type 
of study is useful in cases where the flow is very 
far from equilibrium, and in those cases where 
either catalytic or reaction poisoning surfaces are 
being considered. 


Surface Recombination in the Frozen Com- 
pressible Flow of a Dissociated Diatomic Gas 
Past a Catalytic Flat Plate. P. M. Chung and 
= Anderson. ARS J., Mar., 1960, pp. 262- 


Steady-State Melting of a Semi-Infinite 
Medium with Temperature-Dependent Proper- 
ties. S. J. Citron. J. Aero/Space Sci., June, 
1960, pp. 470-472. Study showing that solu- 
tions for the steady-state temperature distribu- 
tion, the steady-state melting rate, and the 
amount of material melted and oblated from a 
semi-infinite medium subjected to a heat flux at 
the melting face can be obtained when the 
medium has temperature-dependent thermal 
conductivity and specific heat. 

Stagnation-Point Shielding by Melting and 
Vaporization. Leonard Roberts. U.S., NASA 
TR R-10, 1959. 24 pp. Supt. of Doc., Wash., 
$0.40. Theoretical study of the shielding mech- 
anism whereby the rate of heat transfer to the 
forward stagnation point of blunt bodies is re- 
duced by melting and vaporization. General 
qualitative results are given and a numerical 
example, the melting and vaporization of ice, is 
presented and discussed in detail. 


Aerothermodynamics 


Calculation of the Heating of Shells at High 
Speeds. I. N. Sokolova. (AN SSSR Old. 
Tekh. Nauk Izv. Energ. i Avtom., May-June, 
1959, pp. 90-94.) ARS J. Suppl., Apr., 1960, 
pp. 375-379. Translation. Derivation of an 
approximate solution for the heating problem of 
shells in a flow of gas with variable velocity, 
pressure, and density. The internal surface of 
the shell is assumed to be negligible in comparison 
to transverse flows. 


Boundary-Layer Displacement and Leading- 
Edge Bluntness Effects in High Temperature 
Hypersonic Flow. H. K. Cheng, J. G. Hall, T. 
C. Golian, and A. Hertzberg. (JAS 28th Annual 
Meeting, New York, Jan. 25-27, 1960, Paper 
60-38.) Cornell Aero. Lab. Rep. AD-1052-A-9 
—— TN 59-1193), Jan., 1960. 81 pp. 66 
refs. 


An Investigation of Laminar, Transitional, and 
Turbulent Heat Transfer on Blunt-Nosed Bodies 
in Hypersonic Flow. R. J. Cresci, D. A. Mac- 
Kenzie, and P. A. Libby. (Polytech. Inst. Bklyn., 
Dept. Aero. Eng. & Appl. Mech. Rep., Apr., 
1959.) J. Aero/Space Sci., June, 1960, pp. 401— 
414. 26 refs. 

Measurements of the Effect of Surface Cooling 
on Boundary Layer Transition on a 15 Degree 


Cone. II—Tests at M = 3 and M = 4inthe5 
in. X 5 in. No. 5 Wind) Tunnel at R.A.E. Farn- 
borough. Appendix—Details of the Settling 
Chamber, Filters, Turbulence Level and Humi- 
dity. J. G. Woodley. ‘Gt. Brit., ARC CP 479 
(June, 1959), 1960. 36 pp. l5refs. BIS, New 
York, $0.99. 


Boundary Layer 


Approximate Solution of the ‘‘Inverse Prob- 
lem’’ of Boundary Layer Theory. P. Bradshaw. 
RAeS J., Apr., 1960, pp. 225, 226. Presentation 
of a method for calculating the free-stream veloc- 
ity distribution corresponding to a given varia- 
tion of shape parameters, derived by means of 
existing approximate formulas for the thickness 
of laminar and turbulent boundary layers. 


On the Effects of Flow Obstructions on Free- 
Convection Boundary-Layer Oscillations. J. P. 
Holman and K. E. Stout Aero/Space Sci., 
June, 1960, pp. 463, 464. Investigation using 
three types of flow obstructions to determine their 
damping ability on the oscillations. Interfero- 
grams of the waves before and after insertion of 
the obstructions are shown; they indicate that 
all three types of obstructions caused a reduction 
in the amplitude of the boundary-layer waves. 


Das Verhalten einiger Lésungen der dreidimen- 
sionalen Grenzschicht beitypischen Geschwindig- 
keits- und Temperaturprofilen. St. N. Savu- 
lescu. (Stud. Cerc. Mec. Aplic., No. 3, 1959, pp. 
695-710.) Rev. Méc. Appl., No. 4, 1959, pp. 
565-579. In German. Study of the behavior 
of certain solutions obtained for three-dimensional 
boundary layers on the assumption of typical 
velocity and temperature profiles. 


Experiments, with and Without Air Jets, on 
an N.A.C.A. 64A006 Semi-Wing Having 50° 
Sweepback on the Leading Edge. R. A. Wallis 
and N. Ruglen. Australia, ARL Rep. A. 113, 
July, 1959. 50 pp. Discussion of low-speed 
wind tunnel tests demonstrating the type of flow 
problem which must be faced when attempting to 
improve the stalling behavior of thin swept wings. 
The study includes the onset and development of 
tip stalling with increasing incidence, air jets 
used as a boundary layer control device for swept 
wings, and limited tests with a boundary layer 
fence. 


On a Solution to the Unsteady Laminar Bound- 
ary Layer. H. A. Hassan. J. Aero/Space Sci., 
June, 1960, pp. 474-476. 


Control Surfaces 


Potential Flow About an Aerofoil with a Split 
Flap. P. Mandl. Can. Aero. J., Apr., 1960, 
pp. 123-125. Summarized description of a 
theoretical study of the flow about airfoils with 
split flaps and circulation control by suction. 


Pressure Distributions and Aerodynamic 
Characteristics of Several Spoiler Controls on a 
40° Sweptback Wing at a Mach Number of 1.61. 
E. J. Landrum and K. R. Czarriecki. U-.S., 
NASA TN D-236, Apr., 1960. 66 pp. Investi- 
gation showing incremental pressure distributions 
due to the spoilers to be in good agreement with 
previous flat-plate results and with the results of 
tests of spoilers on a trapezoidal wing. The 
spanwise loadings and integrated lift, bending- 
moment, and pitching-moment coefficients are 
also presented. 

Odpor Vodorovnfch Ocasnich Ploch. Vlasti- 
mil Pokorny. Zpravodaj VZLU, Jan., 1959.pp. 
9-12. In Czechoslovak. Analysis of the drag 
of horizontal tail surfaces and presentation of 
methods to reduce this drag 


Flow of Fluids 


Fluid Dynamics. C. A. Sleicher, Jr., R. A. 
Stern, L. E. Scriven, and A. K. Oppenheim. 
Ind. & Eng. Chem., Apr., 1960, pp. 347-358. 
245 refs. Survey of development in the fields of 
equations of motion and stability, turbulence, 
vortex flow and rotation, jets and wakes, flow 
near solid surfaces, multiphase and free-boundary 
flow, gas dynamics and wave dynamics, and dy- 
namics of reactive and conducting fluids. 


The Stokes Flow Problem for a Class of Axially 
Symmetric Bodies. L. E. Payne and W. H. Pell. 
(U.S., NBS Rep. 6372, Apr. 1, 1959.) J. Fluid 
Mech., Apr., 1960, pp. 529-549. 24refs. USAF- 
supported presentation of a general expression for 
the drag of an axially symmetric configuration in 
Stokes flow, and description of a method for de- 
termining the stream function. The stream func- 
tion is found for the particular case of the lens- 
shaped body. 


Motion of a Slender Blunted Body in the 
Atmosphere with High Supersonic Speed. V. V. 
Lunev. (AN SSSR Old. Tekh. Nauk Inv. Mekh. i 
Mashinostr., July-Aug., 1959, pp. 131-133.) 
ARS J. Suppl., Apr., 1960, pp. 414-416. 11 refs. 
Translation. Analysis of the influence of the 
strong increase in entropy of the gas behind the 
nose shock wave on the pressure distribution of 
the body. 

Effect of Flow Incidence and Reynolds Number 
on Low-Speed Aerodynamic Characteristics of 
Several Noncircular Cylinders with Applications 
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to Directional Stability and Spinning. 
Polhamus. U.S., NASA TR R-29, 1959. 25 pp 
18 refs. Supt. of Doc., Wash.. $0.30. 

The Rotationally Symmetric Flow of a Viscous 
Fluid in the Presence of an Infinite Rotating 
Disk. M. H. Rogers and G. N. Lance i 
Fluid Mech., Apr., 1960, pp. 617-631. 12 refs 
Numerical analysis of the flow produced by an 
infinite rotating disc when the fluid at infinity is 
in a state of solid rotation. 

Differential Equation of Compressible Tur- 
bulent Skin-Friction Coefficient Around an 
Arbitrary Body of Revolution at High Speed. 
P. K. Chang. J. Aero/Space Sct., June, 1900, 
pp. 466, 467 

On the Problem of Symmetrical Flow Past a 
Given Symmetrical! Profile with Subsonic Velocity 
at Infinity and Local Supersonic Velocities. F I. 
Frankl’. (Prikl. Mat. i Mekh., July-Aug., 1959, 
pp. 776-780.) PMM—Appl. Math. & Mech 
No. 4, 1959, pp. 1107-1114. Translation. 

Viscous and Leading-Edge Effects in Hyper- 
sonic Flow. R. J. Whalen. J. Aero/Space Sci, 
May, 1960, pp. 391, 392. Correlation of existing 
experimental data on hypersonic viscous and 
inviscid leading-edge effects by means of param- 
eters proposed by general similitude considera- 
tions. 

On the Use of the Boundary-Layer Equations 
in the Hypersonic Viscous-Layer Regime. R A 
Makofski. J. Aero/Space Sci., June, 1960, pp 
468, 469. Navy-supported explanation of the 
apparent extension of the validity of boundary- 
layer equations into the region in which the 
effects of slip would be expected to cause a signi- 
ficant difference 

Prandtl-Meyer Expansion in Equilibrium Air. 
Haim Kennet. ARS J., Mar., 1960, pp. 288, 
289. USAF-supported development of a closed- 
form expression relating the pressure p to the 
angle of turn @, valid for equilibrium air in hyper- 
sonic flow. 

Instability of a Viscous Liquid of Variable 
Density in a Vertical Hele-Shaw Cell. R A 
Wooding. J. Fluid Mech., Apr., 1960, pp. 50i- 
515. 17 refs. Presentation of approximate 
equations of motion, continuity, and mass used 
for the calculation of approximate stability cri- 
teria when the liquid is at rest under a vertical 
density gradient. An exact stability analysis is 
also given and expansions in powers of the dis- 
turbance wave-number are obtained for the criti- 
ca! Rayleigh number at neutral stability. 

The ‘‘Improved’’ Free Volume Theory of 
Liquids. II. J. S. Dahler and J. O. Hirsch- 
felder, USAF WADC TN 59-234, Sept., 1959 
188 pp. 28 refs. Presentation of a method for 
integrating a nonlinear intergal equation which 
determines the optimum free-volume of a liquid 
Approximations are introduced which symmetrize 
spherically the free volume and make the Kirk- 
wood equations suitable for solutions by high- 
speed digital calculating machines. 

Boundary-Layer Stability Diagrams for Electri- 
cally Conducting Fluids in the Presence of a 
Magnetic Field. V. J. Rossow. U.S., NASA 
TR R-37, 1959. 16 pp. 22 refs. Supt. of 
Doc., Wash., $0.30. Study of the effectiveness 
of a magnetic field in stabilizing the laminar flow 
of an incompressible, electrically conducting 
fluid. 


Radiation Losses in Completely Ionized Plasma. 
. Kvasnica. Czech. Phys., Ser. B, No. 1, 
1960, pp. 14-21. Calculation of losses caused by 
bremsstrahlung during electron-ion and electron- 
electron collisions in a completely ionized plasma 


Studies of a High Current Electrical Discharge 
in an Ionized Gas. L. S. Combes and 5S. P 
Zimmerman. Tufts U. Dept. Phys. Sci. Rep. 1 
(AFCRC TN 58-439) [AD 152614], June 16, 
1958. 54 pp. 10 refs. Description of experi- 
ments (a) with a pinched discharge in a toroidal 
glass tube stabilized by an included magnetic 
field, and (b) using a straight discharge tube with 
electrodes at each end and an insulated conductor 
along its axis. 


On the Question of the Build-up Time for 
Thermodynamic Equilibrium in the Plasma of an 
Arc Discharge. V.K. Prokof’ev, D. B. Gurevich, 
I. M. Belousova, and Iu. A. Snigirev. (AN SSSR 
Optika i Spektroskopiia, July, 1959, pp. 14-20.) 
Optics & Spectroscopy, July, 1959, pp. 7-10. 11 
refs. Translation. Discussion of a method for 
measuring the build-up time for thermodynamic 
equilibrium in the plasma of an are burning in 
air, and presentation of the results of measure 
ments. 


On the Motion of Thin Airfoils in Fluids of 
Finite Electrical Conductivity. J. E. McCune. 
(Cornell U. Grad. Sch. Aero. Eng. Rep., Jan., 
1959.) J. Fluid Mech., Mar., 1960, pp. 449-468. 


Ion Oscillations in a Plasma. T. F. Volkov 
(Zhurnal Teoret. i Exper. Fiz., Aug., 1959, pp. 
422-426.) Sov. Phys. - JETP, Feb., 1960, pp 
302-304. Translation. Study of the effect of a 
high-frequency electromagnetic field on ion oscil- 
lations in a plasma. It is shown that the fre- 
quencies of the quasi-acoustic longitudinal plasma 
oscillations are functions of the field amplitude 
Possible instability mechanisms are discussed 

On the Solution of the Kinetic Equation for @ 
Plasma in a Variable Magnetic Field. Yu. N 
Barabanenkov. (Zhurnal Teoret. i Exper. Fis 
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...the probability that a device 


will always perform the function 
for which it was intended 


Th C plum b bob is one of the most reliable 


measuring devices. The probability that it will always indi- 
‘ate the vertical is virtually 100%. 


Weston Instruments, 


plumb bob, take the most direct route to functional excellence. 
Reliability is designed in. Error-prone complications are 


designed out. 72 years of experience in building precision 
instruments points the way and sets the standards. 


DAYSTROM, incorporated 

WESTON INSTRUMENTS DIVISION 
Specializing in: Instrumentation — Deposited Thin Films — Temperature, Speed and Light Measurements — Recorders and Controllers — Electronic 


Test Equipment — Standardization and Calibration Equipment. Weston Instruments Division, Daystrom, Inc., Newark 12, New Jersey ® International 
Sales Division, 100 Empire Street, Newark 12, New Jersey © In Canada: Daystrom Ltd., 840 Caledonia Rd., Toronto 19, Ontario. 
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Aug., 1959, pp. 427-429.) Sov. Phys. - JETP, 
Feb., 1960, pp. 305, 306. Translation. Study 
of the motion of a completely ionized plasma 
(collisions being neglected) along a narrow mag- 
netic tube of an axially symmetrical magnetic 
field. The study is made by means of the kinetic 
equation which is solved under the assumption of 
sufficiently slow variation of the magnetic field. 

Problem of Magnetohydrody- 
namics for a Half-Space. S. A. Regirer. Sov. 
Phys. - Dokl., Feb., 1960, pp. 782-785. Transla- 
tion. Analysis of the nonstationary homogeneous 
flow of a viscous, electrically conducting liquid in 
a magnetic field. 

The Effect of Viscosity on the Stability of In- 
compressible Magnetohydrodynamic Systems- 
A. Hare. Philos Mag., 8th Ser., Dec., 1959, pp- 

1305-1310. Derivation of a variational principle 
to study magnetohydrodynamic systems in the 
absence of viscosity. It is shown that for the in- 
compressible case, conditions for stability are un- 
changed when the effect of viscosity is included. 

Electromagnetic Properties of High-Tempera- 
ture Air. M. P. Bachynski, T. W. Johnston, 
and I. P. Shkarofsky. IRE Proc., Mar., 1960, 
pp. 347-356. 13 refs. Study of the attenuation 
and phase characteristics of plasmas and, in par- 
ticular, the electromagnetic properties of high- 
temperature air. It is shown that, by a suitable 
normalization of the parameters, the electromag- 
netic properties of plasmas can be universally 
represented in convenient form in either the com- 
plex dielectric coefficient plane or the complex 
propagation constant plane. This representation 
is applied to the stagnation region of a hypersonic 
vehicle in space. 

A Possible ‘‘Fully Developed’? Hydromagnetic 
Pipe Flow. A. Demetriades. J. Aecro/Space 
Sct., May, 1960, pp. 388, 389. Study of a hydro- 
magnetic analog of the Hagen-Poiseuille flow in a 
circular pipe. 

The Collisions of Two Plasma Streams. A. 
HruSka. Czech. J. Phys., Ser. B, No. 1, 1960, pp. 
33-39. Investigation of the mutual interaction of 
two colliding plasma streams, using the perturba- 
tion method and taking into account the random 
motions of electrons. It is shown that electron 
oscillations occur only when certain conditions in 
density and relative velocity of the colliding 
streams are fulfilled. 

Shock Waves in Magneto-Gasdynamics. M. 
N. Kogan. (Prikl. Mat. i Mekh., May-June, 
1959, pp. 557-563.) PMM—Appl. Math. & 
Mech., No. 3, 1959, pp. 784-792. Translation. 
Investigation of the nature of the shock polar for 
various parameters of the stream and of the mag- 
netic field. 


The Structure of a Steady Magnetohydrody- 
namic Switch-On Shock Wave. Z. O. Bleviss. 
(Heat Transfer & Fluid Mech. Inst. Meeting, Los 
Angeles, June 11-13, 1959.) Douglas Rep. SM- 
23608, June, 1959. 15 pp. Study of the struc- 
ture of a steady magnetohydrodynamic ‘‘switch- 
on’’ shock wave for the case where the magnetic 
diffusivity is large compared with the viscous and 
thermal diffusivities. Analytic results are ob- 
tained for the case of constant electrical conduc- 
tivity and a perfect gas, and a single numerical 
integration extends the results to variable elec- 
trical conductivity. 


Shape-Preserving Flows and a Point Explosion 
in the Magnetic Gas Dynamics of a Gas of In- 
finite Conductivity. D. V. Sharikadze. Sov. 
Phys. - Dokl., Feb., 1960, pp. 789-793. Transla- 
tion. 


Magnetohydrodynamic Energy Conversion 
Techniques. R. J. Rosa and A. R. Kantrowitz. 
Avco Everett Res. Lab. RR 86, Apr., 1959. 18 pp. 
Presentation of the basic theory of magnetohy- 
drodynamic generators, their characteristics, and 
the electrical properties of gases. Shock tube 
experiments which demonstrate some of the fun- 
damentals of MHD flow are described. 


Magnetogasdynamics and Space Propulsion. 
S. T. Demetriades. Western Av., Mar., 1960, 
pp. 14, 24. Discussion of unconventional air- 
breathing power plants for economical powered 
flight above 60 km. It is shown that an increase 
of the payload to take-off-mass ratio is possible for 
lunar and other interplanetary missions by using 
the Propulsive Fluid Accumulator (PROFAC) 
concept. The advantages of a magnetogasdy- 
namic ram-jet propulsion system are emphasized. 


Bibliography on Magnetohydrodynamics, 
Plasma Physics and gg Thermonuclear 
Processes. B. A. Spence. as Everett Res. Lab. 
AMP 36, Oct., 1959. 97 pp. 1,585 refs. 


A Phenomenon in Unsteady Magnetohydro- 
dynamic Flow Theory. SF. Borg. J. Aero/ 
Space Sci., June, 1960, pp. 472, 473. Study 
showing that, under certain conditions, the dy- 
namic behavior of a wedge impacting on an incom- 
pressible conductor with an applied magnetic 
field will not be affected by the magnetic field. 

A Analogy. M. D. 
Cowley. ARS J., Mar., 1960, pp. 271-273. 
Presentation of a gas- dynamics analogy for the 
flow of a perfectly conducting gas with parallel 
velocity and magnetic fields. 

An Analogy Between Magnetohydrodynamics 
and Heat Transfer. D. C. Leigh and G. W. 
Sutton. J. Aero/Space Sci., June, 1960, pp. 469, 
470. Presentation of a magnetohydrodynamic 
analogy applied to solve the problem of a line 


source of heat perpendicular to a uniform 
stream. 


On the Flow of a Conducting Fluid Past a 
Magnetized Sphere. G.S. S. Ludford and J. D. 
Murray. (U. Md. Inst. Fluid Dynamics & Appl. 
Math. TN BN-169, Apr., 1959.) J. Fluid Mech., 
Apr., 1960, pp. 516-528. Study of the first-order 
effects of the magnetic field and the conductivity 
in the steady flow of an incompressible, inviscid, 
conducting fluid past a magnetized sphere. 


Superposability of Two Axi-Symmetric Flows 
Under Axi-Symmetric Magnetic Fields. P. 
Ramamoorthy. Appl. Sci. Res., Sect. A, No. 
2-3, 1960, pp. 153-156. Establishment of the 
following theorems: (1) an axisymmetric flow of 
an infinitely conducting fluid under axisymmetric 
magnetic field is always self-additive, and (2) 
two axisymmetric flows of an infinitely conducting 
fluid are superposable if the fluid velocity is 
— to the magnetic field in each of the two 

ows. 


Investigation of a Stationary Discontinuity 
Surface in an Electromagnetic Field with a Gas 
Jump. G. A. Lyubimov (AN 

SSSR Otd. Tekh. Nauk Izv. Mekh. i Mashinostr., 
Sept.-Oct., 1959, pp. 9-15.) ARS J. Suppl., 
Apr., 1960, pp. 416-420. 13 refs. Translation. 
Analysis defining certain new properties of the 
discontinuity surfaces which have no analogies in 
ordinary gas dynamics 

Plasma Research. D. R. Chick. Contemp. 
Phys., Feb., 1960, pp. 169-190. 32 refs. Dis- 
cussion comparing the reaction power densities 
for the important nuclear fusion reactions with 
the radiation losses due to bremsstrahlung and 
cyclotron radiation. Some properties of an ionized 
plasma and the particle motions in such a plasma 
are discussed, and methods of containing a plasma 
within magnetic confining fields are described. 

Energy Lost to Radiation in a Gas-Discharge 
Plasma. V. D. Kirillov. (Zhurnal Teoret. i 
Exper. Fiz., Oct., 1959, pp. 1142-1144.) Sov. 
Phys. - JETP, Apr., 1960, pp. 812-814. Trans- 
lation. Description of measurements showing 
that the heating of a deuterium plasma by Joule 
heat can be successfully achieved only through 
elimination of contamination sources. 


Equilibrium of a Plasma Toroid in a Magnetic 
Field. V. D. Shafranov. (Zhurnal Teoret. i 
Exper. Fiz., Oct., 1959, pp. 1088-1095.) Sov. 
Pys. - JETP, Apr, 1960, pp. 775-779. Trans- 
lation. Presentation of exact solutions for the 
equilibrium of a toroidal pinch with axial sym- 
metry. 

Convective Pinch Instability. B. B. Kadom- 
tsev. (Zhurnal Teoret. i Exper. Fiz., Oct., 1959, 
pp. 1096-1101.) Sov. Phys. - JETP, Apr., 
1960, pp. 780-783. Translation. Investigation 
of the stability with respect to axially symmetric 
perturbations, including entropy-wave pertur- 
bations, of a pinch with a distributed current. 

Nonisentropic Nozzle Flow. W. T. Snyder. 
ARS J., Mar., 1960, pp. 270, 271. Analysis 
showing that for nonisentropic flow the throat 
velocity is not sonic, and discussion of the physical 
mechanism that accounts for this condition. 


On the Propagation of Pressure Waves in a 
Liquid Flowing Through a Porous Medium. T. 
Oroveanu and H. Pascal. (Stud. Cerc. Mec. 
Aplic., No. 3, 1958.) Rev. Méc. Appl., No. 3, 
1959, pp. 445-448. 


High Speed Flow Through Perforated Plates. 
P. G. Morgan. RAeS J., Mar., 1960, pp. 103- 
105. Analysis of factors governing the flow at 
high speeds and experimental results showing 
that Cornell's analysis is insufficient for conditions 
approaching the choke limit. 


An Empirical Torque Relation for : ea 
Flow Between Rotating Cylinders. Don 
nelly and N. J. Simon. J. Fluid Mech., an 
1960, pp. 401-418. 11 refs. Analysis of experi- 
mental data obtained by Wendt, Taylor, and 
Donnelly, yielding an empirical relationship for 
the torque transmitted by fluid friction to an outer 
cylinder as a function of the angular velocity of 
the inner cylinder. A formula is obtained which 
applies to a range of values of the angular velocity 
of the inner cylinder above the onset of instability 
extending to about ten times the critical angular 
velocity. 


Uiiti Galerkinovy Metody v Ulohach o Stabilité 
Proudéni Vazké Tekutiny. Josef Kolomy. 
Aplikace Matematiky, No. 5, 1960, pp. 40-44. 
In Czechoslovak, with summaries in English and 
Russian. Presentation of the proof of the con- 
vergence of Galerkin’s method for the calculation 
of eigenvalues in stability problems concerning 
the viscous flow between two coaxial infinite 
cylinders rotating in the same or in the opposite 
direction. 


Unsteady Circulatory Flow About a Circular 
Cylinder with Suction. R. S. Nanda. Appl. 
Sci. Res., Sect. A, No. 2-3, 1960, pp. 85-92. Pres- 
entation of exact solutions for the Navier- 
Stokes equations describing the unsteady flow of a 
viscous incompressible fluid when an infinite cir- 
cular cylinder is given an impulsive twist and, 
simultaneously, a constant suction velocity is 
imposed on the cylinder. 


On the Diffraction of an Arbitrary Pulse by a 
Wedge or a Cone. Lu Ting. (Polytech. Inst. 
Bklyn., Dept. Aero. Eng. & Appl. Mech., PIBAL 
Rep. 502, Feb., 1959.) Quart. Appl. Math., 


62 Aero/Space Engineering + July 1960 


Apr., 1960, pp. 89-92. USAF-supported analy. is 
using Green’s theorem to demonstrate that for thie 
diffraction of an arbitrary two-dimensional inci- 
dent pulse by a wedge of angle yu, the ratio of the 
resultant velocity potential to the corresponding 
value of the incident pulse at the corner of the 
wedge at any instant is equal to 27/(2% — ux); 
and that for the diffraction of a three-dimensivnai 
pulse by a cone of solid angle w, the ratio at the 
oer of the cone is equal to 44r/(4r — w). 

The Piston-Driven Shock. Roy Gundersen. 
J. Aero/Space Sci., June, 1960, pp. 467, 468. 
Analysis of the effect of arbitrary area and arbi- 
trary piston velocity on shock perturbations. 


Absorption of Sound and the Width of Shock 
Waves in Relativistic Hydrodynamics. M. T. 
Zhumartbaev. (Zhurnal Teoret. i Exper. Fiz., 
Oct., 1959, pp. 1000-1004.) Sov. Pays. - JETP, 
Apr., 1960, pp. 711-713. Translation. Deriva- 
tion of the absorption coefficient of sound due to 
viscosity and heat conduction. The structure of 
relativistic low-intensity shock waves is consid- 
ered. 

A Theory of Shock Waves. G. Ya. Galin. 
Sov. Phys. - Dokl., Feb., 1960, pp. 757-760. 
Translation. Investigation of the existence of a 
continuous solution for the integrated equations 
of motion for media with arbitrary equations of 
state. The consequences of considering shock 
transitions as the limits of these continuous solu- 
tions are also investigated. 

The Non-Isentropic Perturbation of an Arbi- 
trary Simple Wave. Roy Gundersen. J. Math. 
& Mech., Mar., 1960, pp. 141-145. _ Presentation 
of a method for solving, by the use of quadratures, 
the nonisentropic perturbation of an arbitrary 
simple wave. 

Waves Caused by Large Explo- 
sions. J. N. Hunt, R. Palmer, and S. W. Pen- 
ney. Royal Soc. (London) Philos. Trans., Ser. A, 
Feb. 18, 1960, pp. 275-315. 18 refs. Study of 
harmonic oscillations in several simple model 
atmospheres. Two types of oscillations are dis- 
cussed: in the first, the kinetic energy per unit 
volume tends to zero at great heights; in the 
second, the kinetic energy per unit volume re- 
mains finite. The formula for the energy of the 
explosion is derived. 

The Temperature of Nitrogen and Air Behind 
Shock Waves. F. S. Faizullov, N. N. Sobolev, 
and E. M. Kudryavtsev. Sov. Phys. - Dokl., 
Feb., 1960, pp. 833-836. Translation. Presen- 
tation of the results of an investigation of the 
temperature distribution along the uniform flow 
region. The reversal of the D-line of sodium is 
used for temperature measurements. 


Internal Flow 


Theory of Flow Through Profiles with Large 
Camber and Thickness Arranged in Cascade with 


Small Pitch Chord Ratio. R. Oba. Ing.-Arch., 
No. 4, 1959, pp. 276-284. 15 refs. Presentation 
of an analytical method for solving the flow 
through rectilinear cascades with small pitch 
chord ratio. The method is applicable to cases of 
large as well as small camber found in gas tur- 
bines and in axial flow turbines, respectively. 


Contribution of Visualisation to the Study of 
Low Velocity Flow in Models of Centrifugal Com- 
pressors. J. Le Manach and E. Robert. (La 
Recherche Aéronautique, Nov.-Dec., 1958, pp. 
21-34.) Gt. Brit., MA TIL/T5068, Dec., 1959. 
22 pp Translation. Discussion of the use of 
visualization in the radial part of centrifugal 
compressors in studying the internal aerodynamic 
field in rotating machines. Important phenom- 
ena are observed: (1) the turbulent zone on the 
high pressure face, (2) the breakaways occurring 
at certain running speeds in the rotor and the 
diffuser, and (3) the rotating breakaway. 


Analysis of the Losses in the Different Parts of 
a Centrifugal Compressor. Le Manach. 
(Assoc. Tech. Marit. & Aéro. Bul., 1958, pp. 585- 
610.) Gt. Brit., MA TIL/T5074, Dec., 1959. 22 
pp. Translation. Analytical discussion of the 
factors in pressure losses which are defined as the 
difference between the theoretical and experi- 
mental values of the total increase in pressure of 
the fluid on passing through the compressor. 
Experiments on a model at low r.p.m. and on the 
compressor itself are presented, and the various 
losses are determined and represented by a few 
nondimensional coefficients. 


A Theory for Flow with Axial Symmetry in 
Centrifugal Impellers. R. J. Tonks and A. G. 
Smith. Aero. Quart., Feb., Pt. I, 1960, pp. 22-40. 
Development of a theory for incompressible flow 
through an impeller and application of the theory 
to compute the flow through two different types 
of impellers. Comparison shows that the axial 
velocity distribution of the impeller eye is 2 
good agreement with the numerice! computations 
of the theory. 


Numerical Methods for Studying the Axial- 
Symmetrical Motion of Ideal Fluids. D. Dumi- 
trescu and D. Gh. Ionescu. (Stud. Cerc. Mec. 
Aplic., No. 4, 1958.) Rev. Méc. Appl., No. 3 
1959, pp. 429-443. . 


Gesetzmissigkeiten der geradlinigen turbulen- 
ten Couettestromung. H. Reichardt. Max- 
Planck-Inst. Strémungsforsch. Mitteil. No. 22, 
1959. 45 pp. In German. Investigation of the 
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rectilinear turbulent Cuette flow. including a de- 
scription of the experimental installation, results 
of velocity measurements, derivation of equations 
for the velocity distribution, and comparison of 
measured and calculated velocity profiles. 


Analysis of Turbulent Flow and Heat Transfer 
in Noncircular Passages. R. G. Deissler and 
M. F. Taylor. U.S., NASA TR_ R-31, 1959. 
18 pp. 13 refs. Supt. of Doc., Wash., $0.30. 
Application of previous results on turbulent heat 
transfer and flow in tubes to flow in noncircular 
passages of equilateral triangular and square cross 
section. Velocity distributions, wall shear-stress 
distributions, and friction factors. as well as wall 
heat-transfer distributions, wall temperature dis- 
tributions, and average heat-transfer coefficients, 
are calculated. 


On the Design of Nozzles. I. M. Yur'’ev. 
(AN SSSR Otd. Tekh. Nauk Izv. Mekh. i Mashino- 
str., July-Aug., 1959, pp. 140, 141.) ARS J. 
Suppl., Apr., 1960, pp. 374, 375. Translation. 
Derivation of an exact solution for the nonlinear 
equation representing the main part of the exact 
equation for the three-dimensional motion of gas 
over the Mach number range of 0 < M < 1.7. 
The results are applied to the calculation of noz- 
zles. 


Short Hypersonic Contour Nozzles. R. E. 
Geiger. ARS J., Apr., 1960, pp. 368, 369. Dis- 
cussion of a method for achieving significant 
saving in total nozzle length if a test section flow 
can be tolerated in which the central ‘‘core’’ is 
uniform and the remainder is slightly nonuniform. 

Performance Study of a Piston-Type Pump for 
Liquid Hydrogen. A. E. Biermann and W. G. 
Shinko. U.S., NASA TN D-276, Mar., 1960. 
26 pp. Presentation of test data covering the 
performance of a low-speed, submerged, piston- 
type pump for handling boiling hydrogen, which 
were obtained by tests with different fluids at 
flows up to 78 g.p.m., speeds to 360 r.p.m., and 
with pressures to 130 psig. 

Further Pump Tests at High Temperature with 
GE81406 Hydraulic Fluid. M. J. Westcott. 
Gt. Brit., RAE TN Mech. Eng. 310, Dec., 1959. 
10 pp. 


Jet Flaps & Wings 


A Simplified Method for Calculating Jet Flap 
Wings. N. N. Patraulea. (Stud. Cerc. Mec. 
Applic., No. 2, 1959.) Rev. Méc. Appl., No. 4, 
1959, pp. 553-564. 


Stability & Control 


An Axis System for Five and Six Degree of 
Freedom Airplane Dynamic Problems. W. L. 
Wynn. J. Aero/Space Sci., June, 1960, pp. 473, 
474. Presentation of a combination of (a) an 
earth-wind force-equation axis system and (b) a 
body moment-equation axis system to be used in 
dynamic problems of aircraft with five or six 
degrees of freedom. 


Ustoichivost’ Samoleta s Sokrashchennym 


Chislom Stepenei Svobody. T. Khaker. (Stud. 
Cerc. Mec. Aplic., No. 3, 1959, pp. 655-661.) 
Rev. Méc. Appl., No. 4, 1959, pp. 591-598. In 


Russian. Study covering the stability of aircraft 
in partially controlled flight. Several practical 
examples are presented to illustrate the applic- 
ability of the simplified method. 


Power Spectral Analysis of Some Airplane Re- 
sponse Quantities Obtained During Operational 
Training Missions of a Fighter Airplane. 4 
Hamer and J. P. Mayer. U.S., NASA TN D- 
366, Mar., 1960. 41 pp. Presentation of power 
spectral densities of normal and transverse load 
factor and pitching acceleration for several types 
of missions normally performed by the airplane. 


The Rolling Moments Due to Sideslip on High 
Tailplanes at Subsonic and Transonic Speeds. 
D.G. Mabey. RAeS J., Mar., 1960, pp. 161-163. 
Presentation of experimental evidence to show 
that the rolling moment on a high tailplane varies 
ey as the product of the fin and tailplane 
its, 


The Longitudinal Frequency Response to 
Elevator of an Aircraft Over the Short Period 
Frequency Range. Appendix I—Transfer Func- 
tions for the General Longitudinal Case. Ap- 

ndix [l—Range of Validity of the Approximate 

alues of the Short Period Stability Parameters 
Band C. D. M. Ridland. Gt. Brit., ARC CP 


476 (Sept., 1959) 1960. 52 pp. BIS, New 
York, $1.35. 
Wings & Airfoils 


Fn Centre Section Shape of Swept Tapered 
Wings with a Linear Chordwise Load Distribu- 
tion. J. C. Cooke. Gt. Brit., ARC CP 470 
one’ 1958) 1960. 28 pp. BIS, New York, 


Lift-Curve Slope and Induced Drag Factors of 
Large Aspect Ratio Straight-Tapered Wings. 
I. R. F. Nonweiler. RAeS J., Apr., 1960, pp. 
224,225. Presentation of a simplified method of 
computing a solution to the Prandtl lifting line 
equation for large values of A/ae, where A is the 
aspect ratio and ao is the sectional lift curve slope. 
An iterative method by which the nth approxi- 


(Continued on page 82) 


NAVIGATION & CONTROL ENGINEERS EE and PHYSICISTS 


write Mr. Thomas H. Sebring, Div. 2MG. 


...General Electric's New $14,000,000 
SPACE RESEARCH CENTER, 

to be built near Valley Forge Park 
17 miles from Philadelphia 


The Missile and Space Vehicle Department — responsible for the FIRST demonstration 
of effective space vehicle stabilization control and navigation—is now embarking on 
the development of still more sophisticated systems for a variety of space projects. 
These are concrete long range programs challenging the creativity of the controls 
engineer and scientist. 

Opportunities now exist for qualified individuals to join us, stepping into the 
early stages of these new programs. General Electric's confidence in the unlimited 
growth potential of this field is underlined by the $14,000,000 investment now being 
made in a new SPACE RESEARCH CENTER with unique facilities in scenic Valley 
Forge, outside of Philadelphia 


Immediately available positions: 
ENGINEER-NAVIGATION AND GUIDANCE. To conduct analytical studies on 
inertial guidance and control for space vehicles. Should have background in closed- 
loop systems with ten years of applicable experience and degree in EE or physics. 
SYSTEMS ENGINEER-NAVIGATION & CONTROL. EE with control systems back- 
ground. Five years’ experience in design of control and navigation systems, preferably 
in space vehicle systems. 

ENGINEER-CONTROLS. Will be responsible for analytical studies in adapted 
controls, non linear systems and analogue and digital computation; requires ten 
years of controls background with BS, EE or related degree. 
ENGINEER-DYNAMICS. To conduct analytical studies in the dynamics of rigid 
bodies as applicable to navigation and control systems; requires eight years of 
experience with MS degree in mechanics or physics. 

ENGINEER-SYSTEMS ANALYSIS. Requires eight to ten years experience in analy- 
tical studies of complex systems, with some control experience. Background in 
analogue and digital equipment also desirable. 


Other significant opportunities exist in the following areas: 
Aerodynamics * Space Mechanics « Structural Design * Advance Power Systems ¢ 
Electronic Component Design « Airframe Structural Design * Human Factors * Heat 
Transfer Engineering * Applied Mathematics ¢ Reliability Engineering * Plasma 
Physics * Instrumentation & Communication * Producibility Engineering * Vibration 
Engineering * Arming & Fuzing Systems * Flight Test Analysis * Ground Support 

Equipment * Gas Dynamics * Material Studies * Project Engineering 


For further information regarding opportunities here 
You will receive an answer within 10 days. 


MISSILE & SPACE VEHICLE DEPARTMENT 


GENERAL @@ ELECTRIC 


3198 Chestnut Street, Philadelphia 4, Pa. 


July 1960 + 
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On the new J85 Jet Engine: 
Lightweight, dependable 
Kidde high-temperature actuators! 


In order to move the variable exit nozzle on the afterburner of the J85 engine, G.E. 
uses three lightweight Kidde ball screw actuators, similar to the unit shown above. 
Each actuator employs a ball screw mechanism that weighs only 0.6 pounds and has 
a shaft diameter of 1 inch. 

The Kidde ball screw actuator shown can carry loads up to 1,400 pounds and can 
operate continuously in a temperature range of from —65° F. to +.840° F. At high 
temperatures, these mechanical ball screws are more reliable than electrical, pneu- 
matic or hydraulic systems. Because they have a minimum amount of back-lash and 
friction, they can easily perform functions calling for the rapid reversibility of heavy 
loads. This makes them especially suitable for applications such as thrust reversal, 
gimbaling rocket or jet engines, atomic scramshaft controls and space flight controls. 

Like G.E., you, too, may have a problem which can be solved with Kidde ball screw 
actuators. For more information on these dependable actuators, write Kidde today. 


Kidde Aero-Space Division 


Walter Kidde & Company, Inc., 711 Main St., Belleville 9, N. J. 


District Sales Engineering Offices: Dallas, Texas * Dayton, Ohio © St. Louis, Mo. * San Diego Calif. * Seattle, Wash. + Van Nuys, Calif. * Washington, D. C. 


Walter Kidde-Pacific, Van Nuys, California * Walter Kidde & Compariy of Canada Ltd., Montreal, Toronto, Vancouver 
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States Air Force. 


Selected and prepared by the IAS Staff from currently released material received in 
the IAS Library. This research was supported in whole or in part by the Air Force 
Office of Scientific Research, Air Research and Development Command, United 


The literature abstracted in this section is available through the lending or photo- 
copying services of the IAS Library, New York. 


INT ERNATION AL 
AERONAUTICAL ABSTRACTS 
A Review of Worldwide Scientific and Technical Literature 


ACOUSTICS, SOUND, NOISE 


SOUND EMISSION FROM JETS AT HIGH SUB- 
SONIC VELOCITIES, Erik Mollé-Christensen and 
Roddam Narasimha. J. Fluid Mech., May, 1960, 
pp. 49-60. Presentation of measurements for the 
spectra of sound emission to the far field from 
jets at high subsonic velocities. The similarity 
relations found in the experiments suggest a mech- 
anism of sound generation and scattering where 
the latter is of dominant importance. Such a pos- 
sible mechanism is described. 


ON THE AERODYNAMIC NOISE OF A JET. 
Appendix I - SUMMARY OF LINEARIZED ANALY- 
SIS OF TWO-DIMENSIONAL OSCILLATIONS IN 
SHEAR LAYER. Appendix Il - THE cj-SPEC- 
TRUM AND THE PLANE WAVE APPROXIMATION, 
Sin-I Cheng. GASL TR 148 (AFOSR TN 59-1308), 
Apr., 1959. 56pp. Presentation of anew model for 
analyzing the broad spectrum noise of a turbulent 
jet. The shear layer bounding the turbulent jet 
is assumed to play an important role in modifying 
the "quadrupole sound radiation" from the interior. 
To the sound emitting small scale turbulent eddies, 
the shear layer is laminar and is of an irregular 
contour, as if the large scale turbulent motions 
were frozen. The concept of "geometrical acous- 
tics" is generalized to represent the passage of an 
acoustic ray through a laminar shear layer. This 
"generation" is visualized as the schematic repre- 
sentation, within the framework of geometrical 
acoustics, of the action of the Reynolds stress in 
transferring energy from the shear mean flow to 
the acoustic waves. In relating the quadrupole 
strength across the shear layer, those acoustic 
waves which become "stationary" with respect to 
the local mean flow somewhere in the interior of 
the shear layer, are significantly modified by the 
viscous action through the shear layer. 


THE NOISE FIELD OF A SUBSONIC JET. 
Gino Moretti and Simon Slutsky. GASL TR 150 
{AFOSR TN 59-1310), Nov., 1959. 165 pp. Study 
of the acoustic for field of a singularity under sev- 
eral different conditions of the medium. The sim 


(97) 


PUBLISHED MONTHLY BY AERO/SPACE ENGINEERING 
Official Publication of the Institute of the Aeronautical Sciences, 2 East 64th Street, New York 21, N.Y. 
Volume 5, Number 7 July, 1960 


ple cases of a source in an infinite wind, as ob- 
served at a fixed or moving point, are analyzed to 
permit comparison with physical systems of prac- 
tical interest - e.g., jet engine fly-by noise analy- 
sis. Widespread misunderstanding of the Light- 
hill Mach number dependence is noted and clarified 
by means of the analysis. The far field of a singu- 
larity imbedded in a jet is determined as a function 
of jet velocity and temperature distribution with 
special emphasis on the case of uniform distribu- 
tion in the jet. Comparison of experimental re- 
sults is made and fair agreement noted. 


AERODYNAMICS, FLUID MECHANICS 


Aerothermochemistry, Dissociation, Ablation 


HEAT AND MASS TRANSFER IN AERONAUTI- 
CAL ENGINEERING. D. B. Spalding. Aero. 
Quart., May, 1960, pp. 105-136. 23 refs. Study 
showing that standard techniques of heat and mass 
transfer theory, as practiced in other branches of 
engineering, can be applied to the corresponding 
aeronautical problems, particularly those arising 
in connection with high-speed flight and rocket 
propulsion. The first system represents the nose 
cone of a missiie; here the problem is to predict 
the rate of heat transfer from the dissociated gas- 
es adjacent to the surface, and to assess the influ- 
ences of transpiration cooling and of the so-called 
"ablation" of the heat shield. The boundary layer 
on the nose cone is laminar; the second system, 
by contrast, involves a turbulent boundary layer. 
The problem is the prediction of the heat transfer 
from the exhaust gases to the nozzle of a rocket 
engine. The mass transfer (erosion of the throat), 
which takes place when an uncooled graphite noz- 
zle is used, is also discussed. 


DISSOCIATIVE RELAXATION OF OXYGEN 
OVER AN ADIABATIC FLAT PLATE AT HYPER- 
SONIC MACH NUMBERS, P. M. Chung and 
A, D. Anderson. US, NASA TN D-140, Apr., 
1960. 28 pp. 20 refs. Application of the integral 
method to the study of the dissociative relaxation 
phenomena of pure oxygen over an adiabatic flat 
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plate at hypersonic Mach numbers. By means of 
the integral method, a solution is obtained to a 
problem involving finite rate dissociation and re- 
combination in a hypersonic laminar boundary lay- 
er. It is found that dissociative equilibrium is 
never approximated over an adiabatic flat plate of 
reasonable length when the conditions of the free 
stream are those of the atmosphere at the altitude 
range from 50,000 to 200, 000 ft. and Mach num- 
bers from 10 to 20. It is predicted on the basis of 
the present analysis that heat transfer to a highly 
cooled flat plate may be quite closely approximated 
by the values of heat transfer across a chemically 
inert boundary layer with the same total energy 
per unit mass of the free-stream gas, at least for 
Mach numbers below 20 at the altitudes considered. 


WAKE OF A SATELLITE TRAVERSING THE 
IONOSPHERE, S. Rand. Phys. Fluids, Mar.- 
Apr., 1960, pp. 265-273. Study of the structure 
of the wake behind a charged body moving super- 
sonically through a low-density plasma. For the 
case of a body whose dimensions are considerably 
smaller than a Debye length, a solution is obtained 
which is very similar in structure to the solution 
obtained by using the linearized fluid dynamics e- 
quation. For the case of a disc whose radial di- 
mensions are much larger than a Debye length, 
two conical regions are found in the wake. At the 
surface of each of these cones, for thicknesses of 
the order of a Debye length, the ion and electron 
densities are increased over their ambient values. 
Formulas for the electrohydrodynamic drag on a 
wire and on a large disc are obtained. 


AN ANALYSIS OF NOSE ABLATION FOR BAL- 
LISTIC VEHICLES. Leonard Roberts. US, NASA 


TN D-254, Apr., 1960. 30 pp. Simplified analy- 


sis of the ablation experienced by ballistic vehi- 
cles. It is found, in general, that the heat lost by 
radiation is negligible compared with that disposed 
by ablation. A limiting total mass loss is found 
which is independent of vehicle weight and drag 
and independent of initial and impact velocity. 
Expressions are presented from which may be cal- 
culated the total mass loss experienced by the nose 
of the vehicle at both the stagnation point, where 
laminar flow prevails, and the sonic point, where 
the flow is considered turbulent. A typicalcalcu- 
lation shows the change in shape of a hemispheri- 
cal nose during re-entry. 


OPLAVLENIE PLASTINY, OBTEKAEMOI 
SVERKHZVUKOVYM ILI VYSOKOTEMPERA- 
TURNYM GAZOVYM POTOKOM. A. B. Vatazhin. 
AN SSSR Otd. Tekh. Nauk Izv. Mekh. i Mashi- 
nostr., Nov.-Dec., 1959, pp. 7-13. In Russian. 
Study of the ablation of a semi-infinite plate in 
supersonic or high-temperature gas flow. The 
boundary layer formed along the plate is composed 
of two regions: (a) the region of flow of the plastic 
mass (liquid phase) and (b) the region of gas flow. 
The local friction coefficient, the temperature 
and velocity profiles, the velocity of flow along 
the separation line, and the amount of ablated 
mass are determined. The heat transfer equation 
is derived, assuming that a portion of the induced 
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heat flux is transferred to the body, that the thick- 
ness of the plate is finite, and that the temperature 
over the lower surface of the plate is maintained 
constant. It is found that the velocity of propaga- 
tion of the ablation front is reduced with the reduc- 
tion in plate thickness, and it is shown that, by 
using Mangler's transformation, the solution can 
be applied to the flow around a circular cone. 


OPLAVLENIE TEPLOPROVODIASHCHEI 
STENKI ZA DVIZHUSHCHIMSIA SKACHKOM 
UPLOTNENIIA. G. A. Tirskii. AN SSSR Dokl., 
Dec. ll, 1959, pp. 989-992. In Russian. Deriva- 
tion of an exact solution for the problem of ablation 
of a flat wall, taking into account heat transfer to 
the wall in the region behind the shock wave, 
moving at constant speed in a gas at rest, parallel 
to the boundary of the wall. The equations of un- 
steady boundary layer in the gas and in the ablation 
layer which define the problem are derived, as 
are the equations of heat transfer in a solid body, 
under the assumption of laminar motion of gas and 
ablation. An exact solution is presented for the 
velocity and temperature profiles and for the laws 
of motion and normal velocities of the contact sepa- 
ration surface and the ablation surface. 


HEAT PROTECTION BY ABLATION. R. M. 
Wood and R. J. Tagliani. Aero/Space Engrg., 
July, 1960, pp. 32-38, 45. Study of the desirable 
thermal and ablation properties of materials used 
for protecting load-carrying structures from ex- 
cessive temperatures, and their interrelationship 
with the environment to which such protective coat 
ings are subjected. The concepts of heat and 
temperatures of ablation are used together with 
other coating material properties for describing 
the effectiveness of different protective coatings 
in different thermal environments, The assump- 
tion of an equivalent square-wave heat-time input 
for any actual environment is discussed and justi- 
fied for radically different environmental situa- 
tions, including ICBM, Mars entry, anti-ICBM, 
manned entry, and nozzle applications. Using the 
square-wave heat input assumption, the unit coating 
weight required is presented as a function of inten- 
sity and duration of heating for several different 
protective coatings. The results are summarized 
by the graphical presentation of the relative weights 
required with a number of popular protection ma- 
terials for different environmental situations, 
thereby emphasizing the need for different thermal 
properties with various environments. 


Aerothermodynamics 


A SIMPLIFIED THEORY OF SKIN FRICTION 
AND HEAT TRANSFER FOR A COMPRESSIBLE 
LAMINAR BOUNDARY LAYER. G. M. Lilley. 
Coll. of Aeronautics, Cranfield, Note No. 93, 
Jan., 1959. 76 pp. 3l refs. Presentation of ap- 
proximate solutions of the laminar boundary layer 
equations for a perfect gas in steady flow at arbi- 
trary external Mach number and wall temperature 
distribution. The method combines the use of the 
Stewartson-Illingworth transformation and applica- 
tion of Lighthill's method to yield the skin friction 
and rate of heat transfer. In addition, necessary 
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modifications are given for the separate cases of 
very low Prandtl number and for the flow near a 
separation point. Also given is Spalding's method 
for improving the accuracy of the wall value of 
shear stress and rate of heat transfer distributions 
along a wall having a nonuniform temperature dis- 
tribution. 


HEAT TRANSFER TO CYLINDERS IN CROSS- 
FLOW IN HYPERSONIC RAREFIED GAS STREAMS, 


R. N. Weltmann and P. W. Kuhns. US, NASA 
TN D-267, Mar., 1960. 24 pp. 16 refs. Presen- 


tation of heat-transfer studies for three rarefied 
gases of different molecular weight and accommo- 
dation coefficient. Tests were made at Mach num- 
bers of about 5 with nitrogen, about 4 and 7 with 
helium, and about 6 with argon. Nusselt, Reynolds, 
and Knudsen numbers covered are 0.01 < Nu < 

10, 0.1 S$ Re $1,000, and 0.001 < Kn ¢15. The 
free-molecule flow data indicate an accommoda- 
tion coefficient of about 0.9 for nitrogen, about 

1,0 for argon, and about 0.4 for helium. Temper- 
ature-recovery ratios were also measured a 
range of Knudsen numbers from free-molecule 

flow to almost continuum flow. For free-molecule 
flow the ratio approaches a value which is close to 
that predicted by theory. 


STAGNATION-POINT HEAT-TRANSFER RATE 
MEASUREMENTS IN THE UNEXPANDED FLOW 
OF THE NPL HYPERSONIC SHOCK TUNNEL. 

B. D. Henshall. Gt. Brit., ARC CP 468, 1960. 

10 pp. BIS, New York, $0.36. Investigation of 

the heat transfer rates to the stagnation points of 
3/4-in. diam. glass spheres in shock tube flows 

for air with real gas stagnation temperatures up to 
6,000°K. The experimental results show good 
agreement with those obtained at the NACA Langley 
Laboratory and the AVCO Research Laboratory. 

The experimental results average 22% lower than 
the theoretical values predicted by Fay and Riddell 


HEAT AND MASS TRANSFER FOR FLOW PAST 
AN ARBITRARY CYLINDER. Appendix A - THE 
EXACT SOLUTION FOR WEDGE FLOWS, Appen- 
dix B - THE MANGLER TRANSFORMATION. Ap- 
pendix C - ALTERNATIVE FORMULATIONS OF 
THE ENERGY EQUATION, P. B. Scott. MIT 
NSL TR 383 (AFOSR TN 59-1268), Sept., 1959. 

87 pp. 29 refs. Presentation of a method to deter- 
mine the heat transfer to a cylinder undergoing 
foreign gas injection, and specifically that injection 
distribution corresponding to an isothermal wall. 

A step-by-step solution is obtained by matching 

the boundary-layer flow at any station of a cylinder 
to the flow at a corresponding station on an equiva~ 
lent wedge. The necessary parameters are deriv- 
ed by consideration of the boundary-layer equations. 
The matching criteria are presented and two meth- 
ods of solution (graphical and numerical) are de- 
scribed. The necessary set of wedge flow solu- 
tions is obtained for various wedge apex angles 

and helium injection. 


Boundary Layer 


FORCED MIXING IN BOUNDARY LAYERS. 
G. B, Schubauer and W. G. Spangenberg. J. Fluid 


Mech., May, 1960, pp. 10-32, 19 refs. Navy- 
sponsored investigation of the effect of increasing 
the rate of mixing in turbulent boundary layers in 
a region of adverse pressure gradient. Only the 
two-dimensional case is considered, and the speeds 
are low enough to neglectcompressibility. A va- 
riety of mixing schemes was tried, which differed 
considerably in effectiveness, but hada generally 
similar effect on the flow. Except for effects aris- 
ing from changes in displacement and momentum 
thickness introduced at the devices, their effect 
on the layer was basically equivalent to that of a 
decrease in pressure gradient. Apart from forced 
mixing, the shape of the pressure distribution 
was found to have a significant effect on displace- 
ment and momentum thickness, these being mini- 
mized and the wall distance decreased for a given 
pressure rise by a distribution with an initially 
steep and progressively decreasing gradient. 


SOME EFFECTS OF SHOCK-INDUCED SEPA- 
RATION OF TURBULENT BOUNDARY LAYERS 
IN TRANSONIC FLOW PAST AEROFOILS. H. H. 
Pearcey. Gt. Brit., ARC R&M 3108, 1959. 61 pp. 
27 refs. BIS, New York, $3.78. Discussion of 
the physical nature of the overall flow and the 
mechanism by which separation affects its devel- 
opement. Separation at the shock on the upper 
surface is first shown to cause a slowing up of the 
rearward movement of this shock with respect to 
the variation of trailing-edge pressure. The con- 
cept is then introduced that the steady flow for 
each free-stream Mach number has to be such that 
the trailing-edge pressure can satisfy two condi- 
tions: (a) an approximate equality between the 
pressures on two sides of the wake, and (b) a 
compatibility with the free-stream static pressure, 
It is suggested that the former condition largely 
determines the relative rates of shock movement 
(or flow development) on the two surfaces, and the 
latter determines the actual rates with respect to 
free-stream Mach number. 


BRIEF EXPERIMENTS ON A FLAPPED AERO- 
FOIL HAVING A CUSPED CAVITY AND A BLOW- 
ING JET AT THE CUSP. A. D. Wood. Canada, 
NRC Aero. Rep. LR-269, Dec., 1959. 19 pp. 
Investigation on a simple flapped airfoil incorpo- 
rating a cusped cavity and having a blowing jet at 
the cusp. The results show that it is possible to 
produce a flow regime in which the cavity is occu- 
pied by a stable trapped vortex. With the airfoil 
immersed in a quasi-two-dimensional finite 
stream, greater rotation of the resultant force 
vector was obtained with a flap of this type than 
with a flap having no cavity. The results indicate 
that the combination of a blowing jet and a trapped 
vortex may be used to advantage in enabling an 
external flow to overcome an adverse pressure 
gradient. 


THE BOUNDARY-LAYER TRANSITION CHAR- 
ACTERISTICS OF TWO BODIES OF REVOLUTION, 
A FLAT PLATE, AND AN UNSWEPT WING IN A 
LOW-TURBULENCE WIND TUNNEL. F. W. Boltz, 
G. C. Kenyon, and C. Q, Allen. US, NASA TN 
D-309, Apr., 1960. 45 pp. Investigation showing 
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that the transition Reynolds number characteristics 
ofthe several models exhibited similar adverse (for- 
ward movement of transition) effects of increasing 
tunnel air speed in the low subsonic speed range. 
The pressure distribution was a primary factor 

in determining the level of transition Reynolds 
number. At low speed, however, transition Reyn- 
olds number decreased withincreasing air speed 
or Mach number, althoughthere were essentially 
no changes in the pressure distributions. It was 
concluded that these reductions in transition Reyn- 
olds number could be attributed to either increased 
air-stream turbulence or to changes in the fre- 
quency and/or intensity of sound waves with in- 
creasing air speed. 


THE DEVELOPMENT OF TURBULENT BOUND- 
ARY LAYERS WITH NEGLIGIBLE WALL STRESS. 
A. A. Townsend. J. Fluid Mech., May, 1960, pp. 
143-155. Presentation of an alternative theory to 
that of Stratford, using the same two assumptions, 
but leading to the elimination of some inconsist- 
encies in the original theory and to a better de- 
scription of some of the experimental results. The 
first assumption is that the flow in the outer part 
of the layer is affected only by the original Reyn- 
olds stresses during the initial development, and 
the second is that flow in the equilibrium layer 
close to the wall is determined by the pressure 
gradient and is independent of upstream conditions. 
The principal results are the following: (1) a cri- 
terion for zero wall stress in an adverse pressure 
gradient of sufficient strength, (2) the form of the 
pressure distribution for a self-preserving flow 
with zero stress, (3) the mean velocity distribu- 
tion in this flow, and (4) an estimate of the con- 
stant in the "square root" velocity distribution 
for flow near a wall with zero stress. 


DISTRIBUTIONS OF VELOCITY, ENTHALPY 
AND SHEAR STRESS IN THE COMPRESSIBLE 
TURBULENT BOUNDARY LAYER ON A FLAT 
PLATE. D. A. Spence. Gt. Brit., RAE Rep. 
Aero. 2631, Nov., 1959. 3l pp. 15 refs. Study of 
a set of velocity profiles measured in turbulent 
boundary layers in a zero pressure gradient at 
Mach numbers between 5 and 8 by Lobb, Winkler, 
and Persh. The properties of the velocity profile 
are used as the physical starting point for a unified 
account of the boundary layer in a zero pressure 
gradient. They are shown to be consistent with 
the intermediate enthalpy method for correlating 
compressible and incompressible values of the 
skin friction. By substitution in the equation of 
motion, expressions are found for the distribution 
of shear stress in the inner and outer regions. A 
relation between the distributions of enthalpy and 
velocity is then found from the energy equation, 
using the concept of a turbulent Prandtl number @, 
constant across the layer, to relate eddy conduc- 
tivity to eddy viscosity. The final expression is 
similar in form to Crocco's integral for the 
laminar boundary layer, and is evaluated using 
a velocity-shear relation found earlier. An ex- 
pression which agrees well with available exper- 
imental data is found for the heat transfer coef- 
ficient as a function of recovery factor and 
skin friction coefficient. 
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ON SURFACE PRESSURE FLUCTUATIONS IN 
TURBULENT BOUNDARY LAYERS. Appendix 
A - THE PRESSURE EQUATION FOR THE WALL 
JET. Appendix B - THE EVALUATION OF AN 
INTEGRAL, Appendix C - THE STRUCTURE OF 
THE LARGE EDDIES NEAR THE WALLIN A 
TURBULENT BOUNDARY LAYER. Appendix 
D - ON SPACE-TIME CORRELATIONS OF THE 
FLUCTUATING VELOCITY AND PRESSURE. 
Appendix E - THE EVALUATION OF THE PRES- 
SURE SPECTRUM. G. M. Lilley and T. H. 
Hodgson. Coll. of Aeronautics, Cranfield, Note 
No. 101, Apr., 1960. 5l pp. 24 refs. Review of 
existing work on the pressure fluctuations in tur- 
bulent shear flow with reference to the problem of 
wall turbulence. An approximate theory for the 
pressure fluctuations on the wall under both a 
turbulent boundary layer and a wall jet is given 
and indicates in the latter case an intensity many 
times that corresponding to the flow over a flat 
plate at zero pressure gradient, as typified by 
measurements on the wall of a wind tunnel. Ex- 
periments on a wall jet confirm these predictions 
and suggest that the intensity of the pressure fluc- 
tuations in the regions of adverse pressure gradi- 
ent, on wings and bodies approaching and beyond 
separation, will be higher than in regions of zero 
pressure gradient. Appendices are included which 
deal with the necessary extensions to the analysis 
to fit the velocity correlation functions as measured 
by Grant - i.e., the effects of time delay and eddy 
convection. 


Flow of Fluids 


EXACT SOLUTIONS FOR THE ONE-DIMEN- 
SIONAL VISCOUS FLOW OF A PERFECT GAS, 
Gerald Rosen. Phys. Fluids, Mar.-Apr., 1960, 
pp. 191-196. ONR-sponsored derivation of veloci- 
ty-free equations for the unsteady one-dimensional 
real fluid flow of a perfect gas. The study of ad- 
missible symmetries facilitates the integration of 
partial differential equations. These equations 
admit a pressure-time symmetry, a stress sym- 
metry, and a displacement symmetry. Fundamem 
tal solutions associated with each of the three 
symmetries are given. 


ENTROPY PRODUCTION AND PRESSURE 
WAVES. Gerald Rosen. Phys. Fluids, Mar.- 
Apr., 1960, pp. 188-190. ONR-sponsored deriva- 
tion of the velocity-free equations of one-dimen- 
sional flow neglecting thermal conduction and vis- 
cous dissipation. The strength of finite amplitude 
pressure waves is introduced into the theory. This 
quantity is conserved if the entropy of each fluid 
particle remains constant with time. The growth 
or decay of the strength is examined for a perfect 
gas which produces entropy. 


EXPERIMENTAL INVESTIGATION AT A MACH 
NUMBER OF 3.11 OF THE LIFT, DRAG, AND 
PITCHING-MOMENT CHARACTERISTICS OF 
FIVE BLUNT LIFTING BODIES. William Letko. 
US, NASA TN D-226, Apr., 1960. 13 pp. Pres- 
entation of test results showing that all the bodies 
were statically unstable about the geometric center 
of the bodies, except one which was neutrally 
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stable. These results indicate that Newtonian the- 
ory might be applied to estimate the drag at zero 
angle of attack and the pitching-moment-curve 
slope. Indications are, however, that Newtonian 
considerations would not apply for estimating the 
normal force of bodies of the type tested at the 
Mach number of the tests. 


LOCAL HEAT TRANSFER AND RECOVERY 
TEMPERATURES ON A YAWED CYLINDER AT A 
MACH NUMBER OF 4.15 AND HIGH REYNOLDS 
NUMBERS. Appendix A - TURBULENT BOUND- 
ARY-LAYER THEORY ON YAWED INFINITE CYL- 
INDERS. Appendix B - HEAT TRANSFER IN THE 
LAMINAR BOUNDARY LAYER ON YAWED INFI- 
NITE CYLINDERS. I. E. Beckwith and J. J. 
Gallagher. US, NASA Memo. 2-27-59L, Apr., 
1959. 59 pp. 26refs. Measurements of local heat 
transfer, equilibrium temperatures, and wall 
static pressures on a cylinder at yaw angles of 0°, 
10°, 20°, 40°, and 60°. Increasing the yaw angle 
from 0° to 40° increased the stagnation-line heat- 
transfer coefficients by 100% to 180%. A further 
increase in yaw angle to 60° caused a 40% decrease 
in heat-transfer coefficients. At zero yaw angle, 
the boundary layer over the entire front half of the 
cylinder was laminar, but at yaw angles of 40° and 
60° it was evidently completely turbulent, including 
the stagnation line, as determined by comparison 
of local heat-transfer coefficients with theoretical 
predictions. The level of heating rates and the 
nature of the chordwise distribution of heat trans- 
fer indicates that a flow mechanism different from 
the conventional transitional boundary layer may 
have existed at the intermediate yaw angles of 10° 
and 20°, The average heat-transfer coefficients 
over the front half of the cylinder are in agreement 
with previous data over a comparable Reynolds 
number range. 


THE OSCILLATING PLATE IN MAGNETOHY- 
DRODYNAMICS. J. A. Steketee. UTIA Rep. 63, 
Aug., 1959. 36 pp. Extension of the problem of 
the oscillating plane in a viscous incompressible 
fluid to the case of conducting fluid with a magnetic 
field perpendicular to the plane. In the problem 
appear two penetrating depths which depend on the 
intensity of the applied magnetic field; if the two 
penetration depths are unequal when the magnetic 
field is absent, the effect of switching on the field 
is an increase in the larger penetration depth 
and a decrease of the smaller. Explicit results 
are given for the case of equal viscous and mag- 
netic Reynolds number. The analysis suggests 
that boundary-layer thicknesses in magnetohy- 
drodynamics will depend on the magnetic field 
intensity. 


COMPRESSIBILITY EFFECTS IN MAGNETO- 

AERODYNAMIC FLOWS PAST THIN BODIES. 

J. E, McCune and E, L. Resler, Jr. J. Aero/ 
Space Sci., July, 1960, pp. 493-503. 10 refs. 
Development of procedures for the solution of a 
class of magnetohydrodynamic problems over the 
entire Mach number range and for all ratios of 
magnetic to fluid-dynamic pressure. The results 
obtained are analogous either to the Ackeret theo- 
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ry or the Prandtl-Glauert rule of conventional 
aerodynamics, depending on the relative values of 
the flow speed and the appropriate speed of propa- 
gation of magnetoacoustic disturbances. The 
methods used and the physical interpretation of 
the solutions obtained vary according to the orien- 
tation of the magnetic field with respect to the 
flow direction. 


STOKES FLOW OF AN ELECTRICALLY CON- 
DUCTING FLUID IN A UNIFORM MAGNETIC 
FIELD. Kanefusa Gotoh. Phys. Soc. Japan J., 
Apr.; 1960, pp. 696-705. Study of a general theo- 
ry applicable to three-dimensional flow. It is 
found that the neutrality of the electric charge 
density does not hold exactly when the undisturbed 
magnetic field is not perpendicular to the vorticity 
vector. It is also found that the vorticity and the 
electric current density are confined in paraboloi- 
dal region, thus making a "wake" which extends 
in the direction of the undisturbed magnetic field. 
Distribution of the electric charge density also 
shows the same structure. The flow past a sphere 
is investigated as an example. The drag is obtain- 
ed in a power series of the Hartmann number M. 
The component of the drag perpendicular to the 
undisturbed magnetic line of force is found to be 
larger than its parallel component. It is shown 
for the three-dimensional cases that the velocity 
field includes components which express the two- 
dimensional irrotational flow. 


AXIALLY SYMMETRIC STAGNATION-POINT 
FLOW OF AN ELECTRICALLY CONDUCTING 
FLUID UNDER TRANSVERSE MAGNETIC FIELD. 
Tsunehiko Kakutani. Phys. Soc. Japan J., Apr., 
1960, pp. 688-695. Analysis of axially symmetric 
stagnation-point flow of an incompressible, viscous, 
and electrically conducting fluid in the presence 
of a transverse uniform magnetic field with small 
magnetic Reynolds numbers. The velocity field is 
dependent on the asymptotic field far from the 
wall, and the shear stress on the wall is given in 
terms of the intensity of the field, being charac- 
terized by the parameter 4 . The flow of this type 
may be considered as a simple model for that a- 
round the nose of a body of revolution moving 
through an ionized atmosphere at hypersonic speed, 
In this context, it is convenient to use Bush's re- 
sults for estimating § . The ratio of the shear 
stresses with and without the magnetic field is 
calculated and shown graphically as a function of 
N (where N = SRj, S being the pressure number 
and R,,, the magnetic Reynolds number.) It is 
found that the shear stress at the wall is consider- 
ably reduced by the hydromagnetic interactions. 


STEADY LONGITUDINAL MOTION OF A CYL- 
INDER IN A CONDUCTING FLUID. Hidenori 
Hasimoto. J. Fluid Mech., May, 1960, pp. 61- 
81. 17 refs. Analysis considering the motion of 
a cylinder in a conducting fluid with the presence 
of a uniform magnetic field. Due to Alfvén waves 
originating at the cylinder, two opposite "wakes" 
parallel to the applied magnetic field are found. 

A formula which relates the total drag on the cyl- 
inder to the electric potential difference & 9 be- 
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tween the two undisturbed regions outside these 
two wakes is derived. The reduction to a classical 
boundary-value problem is made for the case of 

an insulating cylinder. Exact solutions are obtain- 
ed for the case of a perfectly conducting or an in- 
sulating flat strip of semi-infinite width. These 
give a clear picture of the fields, especially in the 
transition region near the edge of the strip. The 
case of a strip of finite width is also discussed 
with special reference to the viscous and the mag- 
netic drags, Ds and D_.. 


ON THE MOTION OF A NON-CONDUCTING 
BODY THROUGH A PERFECTLY CONDUCTING 
FLUID. K. Stewartson. J. Fluid Mech., May, 
1960, pp. 82-96. Analysis considering the motion 
of bodies in a direction parallel to an applied mag- 
netic field and through a perfectly conducting fluid. 
It is shown that the perturbation in the state of the 
fluid cannot remain small except in the particular 
case when the velocity U of the body is much 
smaller than that of the Alfvén waves in the fluid. 
In this case, however, the perturbation is not con- 
fined to the neighborhood of the body, and extends 
to infinity inside planes which touch the body and 
are parallel to the undisturbed magnetic field. In 
addition, the body experiences a drag. 


THE BLUNT BODY VISCOUS LAYER PROBLEM 
WITH AND WITHOUT AN APPLIED MAGNETIC 
FIELD. Hakuro Oguchi. Brown U. Div. Eng. 
Rep. (USAF WADD TN 60-57), Feb., 1960. 45 pp. 
Presentation of a new approach to the viscous 
layer problem both with and without an applied 
magnetic field. According to this method, solu- 
tions can be found in closed analytic form so that 
numerical integrations associated with a two-point 
boundary value problem are avoided. Solutions 
are presented to the first order in ¢ , the ratio of 
the density ahead of, to that behind, the shock wave. 
In the nonmagnetic case, numerical results for 
both the shock wave detachment distance and skin 
friction are presented for a value of € = 0,1 and 
they are shown to be in good agreement with the 
numerical calculations of Probsteinand Kemp, at 
least when the Reynolds number is not too large. 
Numerical results are aiso presented on the effect 
of an applied magnetic field on both the shock wave 
detachment distance and skin friction. It is found 
that for a fixed value of € and Reynolds number 
the skin friction decreases and the detachment 
distance increases for increasing values of the 
magnetic field parameter S, which is proportional 
to the magnetic pressure divided by the total pres- 
sure. 


STABILITY OF PARALLEL FLOW IN A PAR- 
ALLEL MAGNETIC FIELD AT SMALL MAGNET- 
IC REYNOLDS NUMBERS, P. G. Drazin. J. 
Fluid Mech., May, 1960, pp. 130-142. 13 refs. 
Navy-sponsored analysis considering the hydro- 
magnetic stability for the flow of an incompressi- 
ble conducting fluid, using the Orr-Sommerfeld 
equation for an electrically conducting fluid. It is 
shown that any given small wave disturbance can 
be stabilized by a sufficiently strong magnetic 
field if the Reynolds number is finite and the mag- 
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netic Reynolds number small. Stability of velocity 
profiles with a point of inflection at small magnet- 
ic Reynolds number and infinite Reynolds number 
is considered in detail. Perturbation methods are 
developed to find stability characteristics in two 
cases, (a) when the magnetic field is weak, and 
(b) when the disturbance is a long wave. These 
methods are applied to the jet and the half-jet, 
which are both found to be unstable to long-wave 
disturbances, however strong the magnetic field, 
An analysis of the jet reveals that the magnetic 
field makes inviscid long-wave disturbances 

more unstable. 


THE OSCILLATING PLATE PROBLEM IN 
MAGNETOHYDRODYNAMICS. W. I. Axford. 
J. Fluid Mech., May, 1960, pp. 97-102. Analysis 
of the oscillating plate problem for the case of an 
incompressible, electrically conducting fluid in 
the presence of a magnetic field. The boundary 
conditions are examined in detail, and a solution 
is found with the aid of suitable approximations, 
The motion of the fluid is shown to consist mainly 
of magnetohydrodynamic waves, but there is also 
a viscous boundary layer in which the solution a- 
grees with that derived earlier. 


STUDIES ON MAGNETO-HYDRODYNAMIC 
WAVES AND OTHER ANISOTROPIC WAVE MO- 
TIONS. Appendix A - VELOCITY OF ENERGY 
PROPAGATION FOR A PLANE WAVE IN AN ANI- 
SOTROPIC MEDIUM. Appendix B - APPLICA- 
TION OF THE METHODS OF THIS PAPER TO 
PROBLEMS WITH ZERO INITIAL CONDITIONS, 
M,. J. Lighthill. Royal Soc. (London) Philos. 
Trans., Ser. A, Mar. 31, 1960. 34 pp. 13 refs. 
Application of a method for asymptotically evaluat- 
ing Fourier integrals to investigate linear partial 
differential equations with constant coefficients, 
but which may be of any order and represent wave 
motions that are anisotropic or dispersive, or both, 
The method gives the asymptotic behavior (at large 
distances) of solutions of these equations, repre- 
senting waves generated by a source of finite or 
infinitesimal spatial extent. Emphasis is placed 
on sources of fixed frequency and solutions sat- 
isfying the radiation condition. The mathemati- 
cal results are given a partial physical interpreta- 
tion by arguments determining the velocity of en- 
ergy propagation in a plane wave traversing an 
anisotropic medium. These show that even for 
nondispersive (elastic) waves, the energy propaga- 
tion velocity is not in general normal to the wave 
fronts, although its component normal to them is 
the phase velocity. In addition, the effects of a 
noncollisionalnature, which are neglected in the sim- 
ple theory, are considered; particularly compres- 
sibility and Hall current, which would alter the 
unidirectional, attenuationless propagation of the 
waves. 


RELAXATION HEATING OF A PLASMA BY 
SURFACE INTERACTION WITH A MAGNETIC 
FIELD. R. P. Treat. Plasmadyne Corp. TN 
T-3TN109-335 (AFOSR TN 59-1151), Oct. 15, 1959. 
37 pp. Investigation of the heating of a fully ion- 
ized deuterium plasma by collisional relaxation 
for temperatures of the order of one kev. The 
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model used for the study consists of a long cylin- 
drical plasma column confined and manipulated by 
an axial magnetic field that is induced by currents 
flowing in a one-turn coil surrounding the plasma. 
Conditions are such that the field is excluded from 
the interior of the plasma - the interaction between 
the plasma and field is essentially a surface phenome- 
non. Todetermine, in order of magnitude, the a- 
mount of heating due to collisional relaxation effects, 
several ideal cycles are studied. These cycles 
consist of a two-dimensional adiabatic compression 
from 0 tol, relaxation to equipartition from 1 to 

2, two-dimensional adiabatic expansion from 2 to 
3, and a final relaxation from 3 to 4. The results 
giving the energy increase for one cycle and the 
energy increase for m cycles, show that the heat- 
ing is large enough to warrant study of more real- 
istic cycles. 


DER EINFLUSS EBENER KORPER AUF STROM- 
AUFWARTS LIEGENDE SENKRECHTE STOSSE. 
Dietrich Rues. ZFW, Mar., 1960, pp. 67-76. In 
German. Investigation of the influence of two- 
dimensional bodies on normal stationary shocks, 
calculated under the assumption of small perturba- 
tions. Numerical examples are presented for the 
case of a flat plate at incidence and that of a para- 
bolic biconvex airfoil. An approximate method is 
developed for symmetrical profiles, and a com- 
parison is made with earlier results. 


BERECHNUNG VON KUGELSYMMETRISCHEN 
VERDICHTUNGSSTOSSEN MITTELS CHARAK- 
TERISTIKENVERFAHREN. F. Bartlm’. DVL 
Bericht No. 103, Dec., 1959. 34 pp. Westdeut- 
scher Verlag, Kéln & Opladen. In German. Ap- 
plication of the method of characteristics for an 
isentropic gas to calculate spherical shock waves 
converging toward the center where they are re- 
flected. The effect of the wavelength and shock 
strength of the initial sawtooth wave is studied, 
and the validity of Guderley's solution for strong 
spherical shocks in the neighborhood of the center 
is examined. The accuracy of the applied method 
of characteristics is verified by means of conser- 
vation laws, and a comparison is made with the 
results obtained by Schmidt. 


ON THE ONE-DIMENSIONAL OVERTAKING OF 
ASHOCK WAVE BY A RAREFACTION WAVE, 
Appendix A - DERIVATION OF EQUATIONS FOR 
THE FOUR WAVE SYSTEMS. Appendix B - THE 
CRITICAL PRESSURE RATIO EQUATION, I, I. 
Glass, L. E. Heuckroth, and S. Molder. UTIA 
TN 30, July, 1959. 30 pp. Navy-sponsored pres- 
entation of solutions in a closed form for the over- 
taking of a shock wave by a rarefaction wave in a 
perfect inviscid gas. The equations are solved nu- 
merically on adigital computer in terms of initial 
pressure ratios across the shock and rarefaction 
waves in the range of 1 to 1,000, and for specific 
heat ratios in the range of 1 to 5/3. The results are 
presented graphically. It is shown that four basic 
wave systems can result after interaction: (a) a 
transmitted shock and a reflected rarefaction wave, 
(b) atransmitted shock anda reflected compression 
Wave that steepens into a shock wave, (c) a trans- 
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mitted rarefaction wave and a reflected rarefaction 
wave, and (d) a transmitted rarefaction wave and 

a reflected compression wave that steepens into a 
shock wave. In all cases the transmitted and re- 
flected waves are separated by a region of variable 
entropy or contact region. Limiting cases exist 
where either the reflected or transmitted wave or 
both simultaneously can be Mach waves. Itis 
shown that for a monatomic gas and for a gas with 
a specific heat ratio of unity some of the wave 
systems do not exist. 


A THEORY OF DECAYING HOMOGENEOUS 
TURBULENCE. R. G. Deissler. Phys. Fluids, 
Mar.-Apr., 1960, pp. 176-187. ll refs. Deriva- 
tion of an equation containing quadruple and quin- 
tuple correlations by considering correlations be- 
‘tween fluctuating quantities at four points in a tur- 
bulent fluid. The equation is made determinate by 
neglecting the higher-order (quintuple) correla- 
tions. The combining of this equation with the 
two- and three-point correlation equations, and 
assuming a particular set of initial conditions, re- 
sults in a solution which appears to represent the 
turbulence for times between the initial and final 
periods. 


Internal Flow 


EXPERIMENTAL INVESTIGATION OF THE 
STALLED FLOW OF A SINGLE-STAGE AXIAL 
FLOW COMPRESSOR. M. D. Wood, J. H. 
Horlock, and E. K. Armstrong. Aero. Quart., 
May, 1960, pp. 159-170. Study showing that 
variation of axial spacing between neighboring 
blade rows can alter the stall characteristics of a 
compressor stage. The stall cell patterns of this 
compressor stage are described in detail, and 
changes of slope in stage temperature and pressure 
rise characteristics are explained in terms of 
stall propagation. Strain gage tests on stator 
blades are used to indicate the possibility of large 
dynamic stresses occurring when the stall cell 
frequency is equal to the blade natural bending 
frequency. 


AERODYNAMIC INSTABILITY OF SUPERSON- 
IC INLET DIFFUSERS, Chieh-Chien Chang and 
Cheng-Ting Hsu. ARS J., May, 1960, pp. 468- 
475. 16 refs. USAF-sponsored analysis showing 
that the stability problem can be reduced to finding 
the acoustic impedance at the inlet of the plenum 
chamber. This is obtained by solving the linear- 
ized viscous compressible flow equations in the 
entire subsonic diffusion regimes with assumptions 
of one-dimensional quasi-steady flow and linear 
velocity distribution. It is found that the self- 
excited shock oscillation is not possible in the ab- 
sence of viscous dissipation. Flow instability is 
found to be due to further entropy generated by 
viscous dissipation in addition to shock oscillation. 
Neutral stability boundaries are obtained in terms 
of the ratio of perturbation entropy to the corre- 
sponding shock velocity and are in agreement with 
Stoolman's experimental data. The present ana- 
lysis confirms Trimpi's theory of instability and 
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also justifies.the Sterbentz-Evvard theory in the 
range of "steady" subcritical operation. 


OPERATIONAL METHOD OF DETERMINING 
INITIAL CONTOUR OF AND PRESSURE FIELD 
ABOUT A SUPERSONIC JET. G. W. Englert. 

US, NASA TN D-279, Apr., 1960. 37 pp. l4refs. 
Presentation of simple expressions for estimating 
the initial contour of a jet exhausting into a super- 
sonic stream and into quiescent surroundings. 
These expressions are obtained by using a modified 
Laplace transform to solve the linearized potential 
flow equation. The initial slope of the jet boundary 
is kept as a parameter in the final expressions, 
which permits a study of the use of an exact, in 
place of a linearized, initial value. Results are 
compared with characteristics solutions and ex- 
perimental data. An expression is also developed 
to determine the pressure field of a supersonic 
stream surrounding the jet. This expression is 
applied to determine the pressure influence of the 
jet on a nearby flat plate. These results are also 
compared with experimental data. 


THE IMPLICATIONS OF ISENTROPIC NOZZLE 
FLOW FOR A PERFECT GAS. Ch. P. Costello 
and W. B. Nordgist. Trend in Eng., Apr., 1960, 
pp. 23-27. Analysis of a frictionless adiabatic 
flow of a perfect gas in a nozzle to determine exact 
relations among the thermodynamic properties of 
the flowing fluid. It is found that the relations 
commonly employed in classical thermodynamics 
are valid, although the relations are based on an 
equation not strictly applicable to the case analyz- 
ed. The study shows that there is one single noz- 
zle design to provide true frictionless, adiabatic 
flow rather than a family of nozzles as is implied 
by standard works on the subject. An approach is 
given for obtaining the reiations among properties 
that must hold for flow of fluids, even for those 
that cannot be considered perfect gases. 


A STUDY OF EQUILIBRIUM REAL-GAS EF- 
FECTS IN HYPERSONIC AIR NOZZLES, INCLUD- 
ING CHARTS OF THERMODYNAMIC PROPER- 
TIES FOR EQUILIBRIUM AIR. Appendix - EX- 
TENSION OF CHARTS OF THERMODYNAMIC 
PROPERTIES FOR AIR. W. D. Erickson and 
H. S. Creekmore. US, NASA TN D-231, Apr., 
1960. 179 pp. 10 refs. Presentation of flow pa- 
rameters in tabular form, calculated for air 
as a real gas in chemical equilibrium for a series 
of stagnation temperatures between 2, 790°R. 
and 4,950°R, and pressures up to 1, 000 atm. 
From these charts, it is possible to calibrate a 
hypersonic nozzle in the conventional way. A 
method is shown for calculating an inviscid nozzle 
contour including real-gas effects. Charts of 
thermodynamic properties for air from which 
these calculations were made and from which ad- 
ditional calculations may be made are included. 
Also presented is the limiting Mach number for 
condensation as a function of stagnation tempera- 
ture and pressure. 


ISOTHERME DUSENSTROMUNGEN. V. Stin- 
gelin. Astronautica Acta, Fasc. 1, 1960, pp. 
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61-74. In German. Analysis considering the 
possibility of generating high velocities by means 
of isothermal expansion. The following cases are 
treated: constant difference between wall tempera- 
ture and average gas temperature, and constant 
wall temperature with given heat production along 
the axis. The influence of friction and the temper- 
ature boundary layer is considered and, for the 
turbulent heat transfer, the Reynolds analogy is 
applied. 


Wings & Airfoils 


THEORY OF WINGS IN SLIPSTREAMS. Appen- 
dix A - PROOF THAT WING PLUS SLIPSTREAM 
CAN BE REPRESENTED BY DISTRIBUTION OF 
DOUBLETS OVER WING-WAKE AND SLIPSTREAM 
SURFACES, Appendix B - DERIVATION OF THE 
PAIR OF SIMULTANEOUS INTEGRO-DIFFEREN- 
TIAL EQUATIONS. H. S. Ribner. UTIA Rep. 

60, May, 1959. 28 pp. 16 refs. Develop- 

ment of a potential theory for the aerodynamics of 
a wing in one or more slipstreams of arbitrary 
shape or position. The central idea, involving the 
use of a "reduced" potential within the slipstream 
jet, is representation of the flow by means of two 
distributions of vortices or doublets: one over the 
wing and its wake, and the other over the jet bound 
ary. A pair of simultaneous integral equations are 
developed for their determination. The integrals 
are reduced to one dimension, then specialized to 
a circular jet, and approximated as summations. 


HIGH SPEED WIND TUNNEL TESTS ON A 
STRAIGHT WING HAVING AERODYNAMIC 
SWEEP. H. G. Darling and R. J. Sandeman. 
Australia, ARL Rep. A.116, Aug., 1959. 43 pp. 
Investigation of a method of Poole and Stephens 
for obtaining aerodynamic sweep on a straight 
wing by suitable choice of spanwise variation in 
section profile. At low speeds, the lowest pres- 
sure isobar was swept alternately backward and 
forward across the span at a mean angle of 36°, 
To determine the high speed characteristics of 
this wing, pressure distributions and strain gage 
force measurements were obtained at Mach num- 
bers up to 0.95. From the pressure distributions 
it is apparent that the isobars are unswept near 
the surface discontinuities at all speeds. With 
increases in speed up to the critical, there is a 
progressive reduction in the angle of sweep of the 
isobars. Beyondthe critical speed, achange inthe 
form of the section pressure distributions greatly 
reduced the sweep of the isobars immediately up- 
stream of the pressure recovery region. The 
force measurement showed that there was no sig- 
nificant improvement in the drag rise characteris- 
tics of this wing when compared with an equivalent 
wing having unswept isobars. 


THE TRANSONIC CHARACTERISTICS OF A 
FAMILY OF TWO-DIMENSIONAL SYMMETRICAL 
DOUBLE WEDGE PROFILES, I - DETAILS OF 
THE PROGRAMME AND THE ZERO-LIFT RE- 
SULTS, Il - RESULTS OBTAINED FOR LIFTING 
PROFILES. R. J. Sandeman. Australia, ARL 
Rep. A.114; Rep. A.115, Aug., 1959. 98; 90 pp. 35 
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refs. Investigation of four double wedge profiles 
over a Mach number range from 0.4 to 1.14 and 

an incidence range of 0° to 4°. The following data 
are obtained for natural and fixed boundary-layer 
transition of zero-lift and lift profiles: (1) static 
pressure distributions, (2) Cy, Cyy, and Cp from 
strain gage force measurements, and (3) shadow- 
graph observations of the flow behavior. Compari- 
son is made with theoretical solutions and reason- 
able agreement is found. 


PRESSURE DISTRIBUTION ON SYMMETRICAL 
WING SECTIONS AT NEAR SONIC SPEEDS. J. 
Rotta. (Aerody. Versuchsanstalt, Géttingen, 
Bericht No. 59-A-36, Sept., 1959.) 
RAE Lib. Transl. 876, Feb., 1960. 21 pp. 15 
refs. Presentation of an approximate method 
based on the experimental observation that the 
pressure distribution in front and behind the shock 
wave remains approximately constant for Mach 
numbers within a defined range. The method of 
Spreiter and Alksne is used to determine the shape 
of the pressure distribution in front and behind the 
shock wave. This method reduces the nonlinear 
potential equation of near-sonic flow to a linear 
partial differential equation of the parabolic type. 
The position of the shock wave is determined so 
that the drag found as the sum of pressure compo- 
nents in the direction of the stream is equal to the 
drag which results from changes of the entropy 
through the shock wave. Calculations are carried 
out for the symmetrical circular arc section and 
the results are compared with those obtained by 
other methods and experimentally. 


Gt. Brit., 


SOME CALCULATIONS OF SHAPE, PRESSURE 
DISTRIBUTION AND DRAG DUE TO LIFT FOR A 
"MILD OGEE" WING WITH PRESCRIBED CENTRE 
OF PRESSURE POSITION. Appendix - EVALUA- 
TION OF WAVE DRAG DUE TOLIFT. A. L. 
Courtney. Gt. Brit., RAE TN Aero. 2655, Oct., 
1959. 27 pp. Discussion of the design of slender 
wings, emphasizing the properties of plan forms 
with streamwise tips and "low" values of the Col- 
lingbourne plan-form parameter p - i.e., "high" 
values of the aspect ratio for a given slenderness 
ratio. In this context a low value of p means a 
value of about 0.5 or less, corresponding to an 
ogee type plan form, as compared with 0. 667 for 
the parabolic gothic. It has been shown that for 
planforms of p = 0.5 orless itis difficult toavoid 
adverse pressure gradients associated with the 
inflection in the leading-edge shape. Calculations 
are made for a "mild ogee" plan form having a 
p= 0.533, a Newby area distribution, rhombic 
transverse thickness distributions, and various 
streamwise and spanwise downwash distributions. 
The calculations include the shape of the camber 
surface, upper-surface distributions, load distri- 
butions, and drag due to lift. An important feature 
of the calculation procedure is that the camber 
shapes are all chosen to produce a given center of 
pressure position according to slender-wing theory, 
and details are included of the method used for 
meeting this condition while retaining some control 
over wing shape, pressure distribution, and drag 
due to lift. 
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EXTENSION OF EVVARD'S METHOD TO OS- 
CILLATORY SUPERSONIC FLOW. Harry Fer- 
guson and K. G. Guderley. ZFW, Mar., 1960, 
pp. 76-86. Presentation of a method which is 
sufficiently simple to be used as the basis for nu- 
merical analysis. The computation of the pressure 
distribution on a thin wing oscillating in supersonic 
flow leads to a Volterra integral equation of the 
first kind with a singular kernel. Exact solutions 
in the form of an integral exist for steady super- 
sonic flow with an angle of attack, and for oscilla- 
tory flows with only supersonic leading edges. 

On the basis of these exact solutions, a hypothesis 
is made that transforms the original equation into 
a Volterra integral equation of the second kind 
with a fairly simple kernel. This equation is much 
more tractable than the original equation; for the 
known cases the kernel is identically equal to zero, 


INVESTIGATION OF AERODYNAMIC EFFECTS 
OF EXTERNAL COMBUSTION BELOW FLAT- 
PLATE MODEL IN 10- BY 10-FOOT WIND TUN- 
NEL AT MACH 2.4. R. G. Dorsch, Harrison 
Allen, Jr., and Murray Dryer. US, NASA TN 
D-282, Apr., 1960. 25 pp. Study in which heat 
is added directly to the supersonic air stream by 
external combustion of aluminum borohydride. 
Lift forces of 55 to 60 lbs. per sq. ft. are gener- 
ated over the first foot of chord of the model ata 
static temperature of 259°R, and a pressure alti- 
tude of 62,000 ft. The pressure data are compared 
with previously reported small-tunnel results in 
order to obtain an appraisal of possible tunnel ef- 
fects encountered in the small-tunnel tests. Good 
agreement was obtained for the shorter-chord 
small-tunnel models, but the longer-chord small- 
tunnel models are found to have spurious pressure 
increases at large distances downstream from the 
fuel orifices. 


SOME NOTES ON THE ZERO-LIFT WAVE 
DRAG OF SLENDER WINGS WITH UNSWEPT 
TRAILING EDGE, J. Weber. Gt. Brit., RAE 
Rep. Aero. 2630, Dec., 1959. 51 pp. Calculation 
of the zero-lift wave drag of slender wings with 
certain fixed properties by the use of slender- 
body theory. The cross-sectional area distribu- 
tions of the wings are taken to be polynomials and 
the fixed properties of the wings correspond to 
fixed first and second derivatives of the area dis- 
tributions at the apex and rear end. The drag for 
delta wings of rhombic cross sections is calculated 
by thin-wing theory without the slenderness as- 
sumption. Comparisons between the drag coef- 
ficients calculated by both theories are made for 
a series of wings to investigate the applicability 
of slender theory. The calculations by both theo- 
ries suggest that it should be possible to design 
thickness distributions which have drags as low 
as that of the so-called Lord V area distribution 
on plan forms for which the Lord V distribution 
is unsuitable. Further, this can be achieved when 
the thickness near the apex and the slope at the 
trailing edge are restricted. 


ON THE APPLICATION OF WING PROJECTED 
AREA DISTRIBUTIONS TO THE DESIGN OF 
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WING-FUSELAGE COMBINATIONS AT SUPER- 
SONIC SPEEDS. B. M. Ryan. Douglas Rep. SM- 
23765, Dec., 1959. 32 pp. Calculation of the av- 
erage area distribution of a delta wing with a sim- 
ple thickness distribution. The wing is combined 
with fuselages in various wing volume to fuselage 
volume ratios such that the combination of the av- 
erage wing plus fuselage area distributions has a 
Sears-Haack shape. The results are general over 
the supersonic Mach number range and may be 
scaled by an adjustment of the streamwise dimen- 
sions. Wing-fuselage combinations are drawn for 
a Mach number of 1,414 and a wing thickness of 
8.5% and then scaled to a Mach number of three 
which results in a wing thickness of 3%. 


LONGITUDINAL AERODYNAMIC CHARACTER- 
ISTICS OF A HIGH-SUBSONIC-SPEED TRANS- 
PORT AIRPLANE MODEL WITH A CAMBERED 
40° SWEPTBACK WING OF ASPECT RATIO 8 AT 
MACH NUMBERS TO 0.96. Appendix - DERIVA- 
TION OF FORMULAS FOR WINGS WITH UNIFORM 
CHORDWISE LOADING IN SONIC FLOW. A. R. 
Heath, Jr. US, NASA TN D-218, Feb., 1960. 88 
pp. Investigation to determine the performance of 
a wing of relatively high aspect ratio and sweep- 
back as part of a complete transport configuration 
which included pylon-mounted nacelles. The wing 
was cambered by using linear theory for the special 
case of sonic velocity. The effects of fuselage 
shape on drag were explored, particularly the ef- 
fects of a fuselage contoured to fit in the flow field 
of the cambered wing. In addition, methods of 
increasing the Mach number at which the abrupt 
rise in drag occurs were also investigated. For 
this purpose, inboard extensions on the wing lead- 
ing edge and special bodies near the trailing edge 
were added. 


AEROELASTICITY 


CALCULATED RESPONSES OF A LARGE 
SWEPTWING AIRPLANE TO CONTINUOUS TUR- 
BULENCE WITH FLIGHT-TEST COMPARISONS. 
Appendix A - METHOD OF FREQUENCY-RE- 
SPONSE CALCULATION. Appendix B - LIFTING- 
SURFACE TECHNIQUE FOR DETERMINING 
AERODYNAMIC FORCES AND MOMENTS, F. V. 
Bennett and K. G. Pratt. US, NASA TR R-69, 
1960. 61 pp. 13 refs. Discussion showing that 
the calculated responses of symmetrical airplane 
motions, wing deformations, and wing loads due 
to gusts compare favorably with available flight- 
test results. These calculated responses are 
based on random-process theory, five degrees of 
freedom, lifting-surface aerodynamics, and one- 
dimensional vertical turbulence. The extent to 
which various degrees of freedom contribute to 
the responses is examined and, in this connection, 
the relative effects of static and dynamic aeroelas- 
ticity are determined. 


VIBRATIONS OF A THICK-WALLED CYLIN- 
DRICAL SHELL - COMPARISON OF THE EXACT 
THEORY WITH APPROXIMATE THEORIES. 

J. E. Greenspon. ASA J., May, 1960, pp. 571- 
578. 23 refs. Navy-supported comparison of the 
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results for vibrations of an elastic cylinder, as 
predicted by a number of approximate shell theo- 
ries, with the results of the exact theory. It is 
found that the membrane theory of shells is accu- 
rate for predicting frequencies and displacement 
ratios of cylinders with appreciable thickness, 
Furthermore, the theories which include bending 
effects as well as membrane effects are good at 
even the shorter wavelengths; and the theories 
which include rotatory inertia and shear are accu- 
rate over most of the wavelength spectrum of the 
lowest branch of rather thick shells. However, ° 
for the very thick shell (with a ratio of inside ra- 
dius to outside radius less than 0.5), only the ex- 
act theory shows the full characteristics of the 
displacement distribution. 


CHEMISTRY 


THE INTERACTIONS BETWEEN NITROGEN 
AND OXYGEN MOLECULES. W. E. Meador, Jr, 
US, NASA TR R-68, 1960. 52 pp. 30 refs. Anal- 
ysis and investigation of Lippincott's delta-func- 
tion model for atomic interactions. By differentia 
tion between the K- and L-shell electrons and by 
the introduction of a variable parameter in the 
expression of the delta-function strength, this 
model is extended to cover homonuclear molecules 
more complex than hydrogen. In addition, modifi- 
cations are made which allow treatments of dia- 
tomic, heteronuclear molecules. This theory, in 
conjunction with a reasonably extensive study of 
resonance, dispersion, and configuration interac- 
tion phenomena, as well as the use of simple quar 
tum mechanical arguments, is then applied to the 
N2-N2, N2-02, and 02-02 interactions. 


FUELS & LUBRICANTS 


PROPERTY REQUIREMENTS FOR LIQUID 
ROCKET PROPELLANTS, Appendix - DERIVA- 
TION OF SPECIFIC IMPULSE. E. M. Goodger. 
Coll, of Aeronautics, Cranfield, Note No. 97, 
Nov., 1959. 32 pp. 12 refs. Evaluation of rocket 
fuels by comparison of performance and handling 
characteristics and assessment of their overall 


suitability by examining the propellants individual- | 


ly. It is concluded that a high heat of reaction is 
a basic requirement for a rocket propellant pair, 
but this is modified by the thermodynamic behavior 
of the combustion gas in the propelling nozzle. A 
high combustion temperature is necessary for high 
thrust, but cooling problems are intensified and 
certain propellants only are suitable as coolants. 
A general increase in specific impulse is found 
with a decrease in specific gravity of the propel- 


lant mixture, while an increase in volume impulse 


is found with an increase in specific gravity of the 
mixture. Liquid hydrogen offers the ultimate in 
specific impulse for propellants and liquid fluorine 
for oxidants, but both pose severe handling diffi- 
culties. Hydrocarbon fuels still represent the 
best practical compromise for rocket applications 
with noncarbon hydrides the next most attractive. 
The slurry fuels are found most suited to air 
breathing propulsive units. 
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MACHINE ELEMENTS 
Rotating Discs & Shafts 


A FURTHER CREEP ANALYSIS FOR ROTAT- 
ING SOLID DISKS OF VARIABLE THICKNESS, 
B, M. Ma. Franklin Inst. J., May, 1960, pp. 
408-419. Calculation of stress distributions for 
rotating solid discs, based on the Tresca condi- 
tion and its associated flow rule. The stress ana- 
lysis on a variable-thickness and uniform-tempera- 
ture disc at steady-state conditions is performed 
using an exponential function stress-creep-rate 
relation. For the purposes of comparison, the 
stress distributions for the constant-thickness and 
uniform-temperature disc are also given. It is 
found that the stress distributions over certain 
central portions of the disc are quite different be- 
tween the variable- and constant-thickness discs. 


MATHEMATICS 
Physical Applications 


TOPOLOGICAL ASPECTS OF STRUCTURAL 
LINEAR ANALYSIS. J. C. de C. Henderson. 
Aircraft Eng., May, 1960, pp. 137-141. Analysis 
showing how the knowledge of the topology of the 
structure can be exploited to improve the condition- 
ing of the associated equations of compatability. 
Owing to difficulties inherent in the design of any 
automatic procedure for the reduction to canonical 
form, a method of condensation is evolved for 
complex multimember structures. In this way, the 
large-scale features of the structure are taken into 
account without neglecting the effect of local char- 
acteristics. 


MISSILE, ROCKET, & SPACE TECHNOLOGY 


SATELLITE PRESSURE LOSSES CAUSED BY 
METEOROID IMPACTS. M. Kornhauser, ARS 
J., May, 1960, pp. 475-479, Analysis consider- 
ing the prediction of the frequency of hull penetra- 
tion of a satellite capsule by meteoroids. Esti- 
mates are made of the frequency of encounters 
with meteoroids and the cratering effect of each 
impact. The cratering effects are based on the 
correlation of recent laboratory experimentation 
using hyper-velocity particles; and very conserva- 
tive estimates of impact frequency are employed. 
The resulting calculations of percentage of hull 
area covered by holes, and loss of internal pres- 
sure versus time, are expected to be conservative 
for design purposes. Application of this method 
to a manned satellite capsule having a given sur- 
face area and time of exposure to meteoroids re- 
sults in predictions of the following: probability 
of penetration of several hull designs, time re- 
quired for air pressure to drop to 1/3 atm, and 
weight of reserve air needed to replace leakage 
and maintain internal pressure at 1 atm. 


Ballistics, Re-Entry 


THE THEORY OF CORRECTIONAL MANOEU- 
VRES IN INTERPLANETARY SPACE. D. F. 
Lawden and R. S. Long. Astronautica Acta, Fasc. 
1, 1960, pp. 48-60. USAF-supported analysis 
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considering the elements of the interplanetary tra- 
jectory consisting of three arcs: (a) in the vicini- 
ty of the planet of departure, (b) in interplanetary 
space, and (c) in the vicinity of the planet of arriv- 
al, Since the main correcting actions will occur 
in arc (b), the details of this orbit are established. ~ 
It is found that the correctional maneuvers are 
independent of all small perturbing forces, so that 
the rocket track can be considered to be a Kep- 
lerian arc that is followed under the attraction of 
the sun alone. The calculations are reduced to a 
substitution of the observed divergence from a 
precomputed track into given formulas, the coef- 
ficients of which can all be determined prior to 
departure and stored in a computer. 


Guidance, Control, Stability 


FIXED-BASE SIMULATION STUDY OF A PI- 
LOT'S ABILITY TO CONTROL A WINGED-SATEL- 
LITE VEHICLE DURING HIGH-DRAG VARIABLE- 
LIFT ENTRIES. Appendix A - EQUATIONS OF 
MOTION OF A SATELLITE VEHICLE DURING 
REENTRY FOR GQtrin, NEAR 90°, Appendix B - 
SOME PROBLEMS INHERENT TO THE ANALOG 
SIMULATION OF TRAJECTORIES. J. M. Eggle- 
ston, Sheldon Baron, and D. C. Cheatham. US, 
NASA TN D-228, Apr., 1960. 60 pp. Presentation 
of test results for a vehicle simulated in five de- 
grees of freedom by using a fixed-base simulator, 
The tests showed that a pilot can successfully 
control the trajectory of the vehicle in several 
ways. A desired value of deceleration or rate of 
descent may be established and maintained. For 
entry angles up to Se, the deceleration could be 
held between 3g and 4g. At entry angles of -6°, 
the pilot was able to limit the maximum decelera- 
tion between 7g and 8g. Inadvertent coupling of 
the pitch- and roll-control motions by the pilot was 
noted when using a grip-type side-arm controller. 
Replacing this controller with a finger-tip side- 
arm controller eliminated the inadvertent coupling 
and made it possible for the pilot to fly simulated 
entries with zero damping of the vehicle's angular 
motions. Lack of static stability in yaw for this 
vehicle was found to be objectionable. Adverse 
aerodynamic-control moment coupling was simu- 
lated. Such control coupling was considered un- 
desirable but pilots could adapt themselves to con- 
trol the vehicle even with large amounts of coupling, 
provided the vehicle was well damped. 


SISTEMA DLIA OPREDELENIIA PARAMET- 
ROV DVIZHENIIA TELA V PROSTRANSTVE. 
G. O. Fridlender. AN SSSR Otd. Tekh. Nauk Izv. 
Energ. i Avtom., Nov.-Dec., 1959, pp. 108-117. 
In Russian. Investigation of a system for deter- 
mining the parameters of a body moving in space. 
It is shown that the application of geosystems 
(systems for vehicles moving at a relatively low 
speed along the surface of the earth) in interplane- 
tary space involves difficulties due to the weight- 
lessness of sensitive accelerometer elements and, 
therefore, the absence of correction which leads 
to periods of nonturbulence. The difficulty is 
overcome by the method of double integration of 
the discrepancy between the data furnished by the 
system, which are converted to correspond to the 
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optical system oriented toward the sun or the 
planet, and the real position of the optical system. 
Damping can be introduced into the system without 
leading to accelerations which affect geosystems. 


EXPLORATORY STATISTICAL ANALYSIS OF 
PLANET APPROACH-PHASE GUIDANCE 
SCHEMES USING RANGE, RANGE-RATE, AND 
ANGULAR-RATE MEASUREMENTS. Appendix 
A -SAMPLE CALCULATIONS. Appendix B - ER- 
ROR ANALYSIS OF RANGE - RANGE-RATE 
SCHEME OF MEASUREMENT. Appendix C - AP- 
PLICABILITY TO OPTICAL OR INFRARED AND 
GYROSCOPIC SYSTEMS OF INSTRUMENTATION. 
Appendix D - STATISTICAL METHODS. D. P. 
Harry, Ill, and A. L. Friedlander. US, NASA TN 
D-268, Mar., 1960. 8lpp. 20 refs. Evaluation of 
control logic on the basis of guidance accuracy and 
velocity-increment requirements for trajectory 
correction. A system of measurement based on 
radar or radio techniques in conjunction with gyro- 
scopic determination of an inertial reference di- 
rection is accurately approximated. Results indi- 
cate that guidance logic is relatively insensitive to 
mission energy or to residual errors from mid- 
course guidance that have a predictable effect on 
velocity-increment requirements. The guidance 
scheme is, however, sensitive to the altitude of 
the target perigee. Low-altitude targets are more 
accurately attained than those at higher altitude. 
A large range of angular-rate measurement errors 
is considered (© being defined as the rate of 
change of the radius vector to the target body with 
respect to an inertial reference direction), and 
use of the radar-gyroscopic system is considered 
feasible for guidance to atmospheric-drag decel- 
eration accuracies with instruments of current 
performance expectations. A strong trend toward 
heavily "restrained" and "damped" guidance sys- 
tems is indicated, and a large number of correc- 
tions in trajectory following initiation of guidance 
at long range would be desired. 


Spacecraft 


SATELLITE PERTURBATIONS FROM EXTRA- 
TERRESTRIAL GRAVITATION AND RADIATION 
PRESSURE. F. T. Geyling. Franklin Inst. J., 
May, 1960, pp. 375-407. Presentation of the e- 
quations of motion for a satellite,- written in terms 
of displacement components relative to the unper- 
turbed, elliptic orbit. A moving system of coordi- 
nates is used which consists of an orthogonal triad 
whose origin is always located at the nominal sat- 
ellite position on the elliptic orbit. This approach 
differs from the conventional one by way of La- 
grange's planetary equations in that the primary 
results are expressions for the satellite position 
rather than the osculating orbit elements. Calcu- 
lations are carried out for the effects of perturba- 
tions in the initial conditions of satellite motion 
and perturbations due to oblateness, lunar and solar 
gravitation, and solar radiation pressure. Nu- 
merical examples illustrate the performance of a 
thin mylar balloon acting as a passive communica- 
tion satellite. 
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POWER PLANTS 


AUFGABEN UND MOGLICHKEITEN BEI DER 
ENTWICKLUNG VON RAKETEN-TREIBSTOFFEN 
UND -ANTRIEBSSYSTEMEN, A. Dadieu. Rake- 
tentech, & Raumfahrtforsch., Apr.-June, 1960, 
pp. 41-45. In German. Survey of the character- 
istics, present status, and performance limita- 
tions of chemical rocket propulsion. The study 
covers theoretical bases and practical problems 
involved in the use of liquid hydrogen as rocket 
fuel, future development of nuclear rocket propul- 
sion systems, such as the convective thermal 
system (Rover-type), and the possibility of heating 
a working fluid through atomic explosions. Prob- 
lems associated with future projects are also dis- 
cussed, 


UBER KNALLWELLENDRUCKE IN HEISS- 
WASSER-FISSIONSRAKETEN. E. Sanger. Rake- 
tentech. & Raumfahrtforsch., Apr.-June, 1960, 
pp. 46-49. In German. Comparative evaluation 
of the expected exhaust velocities of chemical, 
convective fission, and hot-water fission rockets, 
In the thermal nuclear rocket system, the working 
fluid is to be heated to very high temperatures by 
means of successive explosions of small atom 
bombs. In this case, combustion chamber dimen- 
sions are determined through the stresses in 
chamber walls, due to the shock wave in the water 
plasma resulting from the explosion process. The 
importance of studies of these prospective shock 
wave pressures within the atomic-bomb heated, 
hot-water propelled, fission rocket is stressed. 


ATOMRAKETEN FUR RAUMFAHRT. E, S&n- 
ger. (Phys. Gesellschaft Meeting, Zurich, 
Jan. 21, 1960.) Astronautica Acta, Fasc. 1, 1960, 
pp. 3-15. 10 refs. In German. Evaluation of the 
types of nuclear reaction, such as fission, fusion, 
and conversion of matter into energy. In addition 
to the industrially developed types of fission rock- 
ets - i.e., convective and electric, such versions 
as hot-water and photon rockets are discussed. 
Examples for terrestrial, slow interplanetary, 
fast interplanetary, and interstellar travel are 
evaluated, emphasizing the duration of such trips. 
The expected performance of future propulsion 
systems for space vehicles is discussed in terms 
of velocity and range. 


ONE-DIMENSIONAL ANALYSIS OF ION ROCK- 
ETS. H. R. Kaufman. US, NASA TN D-26l, 
Mar., 1960. 35 pp. 12 refs. Study of space- 
charge effects in ion and electron accelerators 
and the problems associated with mixing beams 
from such accelerators. Heavy ions are found to 
be particularly desirable for high current density 
when ion-accelerator lengths are limited by manu- 
facturing tolerances rather than dielectric strength 
The similar geometrical design of electron and 
ion accelerators leads to excessive electron veloci 
ties or exit areas, or both, probably even when 
the accelerate-decelerate principle is utilized 
for the electron accelerator, Excessive electron 
velocities cause only part of the electron current 
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to godownstream when neutralization is attempted, 
The high-electron-velocity mixed-beam solutions 
are accompanied by upstream electron currents; 
therefore, the ion accelerator must be able to with 
stand electrons bombarding the exit. The accel- 
erate-decelerate principle is also useful for pre- 
venting harm to the ion accelerator from electron 
bombardment, because the electrons will be unable 
to pass through the field between the accelerating 
and decelerating electrodes to reach the ion source, 


Jet & Turbine 


TURBOJET THRUST AUGMENTATION: 
FLIGHT MEASUREMENTS OF THE TURBINE 
BLADE COOLING ACCOMPANYING THE PRE- 
TURBINE INJECTION OF REHEAT FUEL WITH 
AN ORENDA 14 ENGINE IN A SABRE 6 AIRCRAFT, 
E, P. Cockshutt, G. G. Levy, and C. R. Sharp. 
Canada, NRC Aero. Rep. LR-271, Jan., 1960. 
4l pp. Presentation of turbine blade temperature 
data, obtained with a thermocouple-slipring instru 
mentation system. The data are presented for an 
Orenda 14 engine, which was flight tested both with 
and without reheat at altitudes ranging from 
20,000 to 50,000 ft. The blade temperatures in 
the unreheated engine were found to be determined 
primarily by the variation in the turbine outlet 
(gas) temperature with flight conditions. The 
first-stage turbine blades were cooled by the pre- 
turbine injection of the reheat fuel by a maximum 
of 150°C. under sea-level-static conditions; as had 
been predicted from simple heat transfer theory, 
the maximum cooling declined to about half this 
value at 50,000 ft. No significant cooling of the 
second-stage turbine blades was detected at any 
flight condition. 


Rocket 


APPLICATION OF VARIOUS TECHNIQUES 
FOR DETERMINING LOCAL HEAT-TRANSFER 
COEFFICIENTS IN A ROCKET ENGINE FROM 
TRANSIENT EXPERIMENTAL DATA, C. H. 
Liebert, J. E. Hatch, and R. W. Grant. US, 
NASA TN D-277, Apr., 1960. 33 pp. 10 refs. 
Presentation of time-temperature data obtained 
from copper plugs installed in a solid-wall ammo- 
nia-oxygen rocket. Local values of heat-transfer 
coefficient were calculated from six selected ana- 
lytical methods varying in complexity from approx 
imate methods to rather complex solutions of the 
partial differential equations of unsteady heat con- 
duction. The resulting heat-transfer coefficients, 
as well as an evaluation of each of the six methods, 
are presented. The integration method appears to 
be the best of the six methods from the standpoint 
of estimated accuracy, ease of calculation, and 
applicability. 


ACOUSTIC RESONANCE IN SOLID PROPEL- 
LANT ROCKETS. F. T. McClure, R. W. Hart, 
and J, F, Bird. J. Appl. Phys., May, 1960, pp. 
884-896. 14 refs. Navy-supported study in which 
the solid propellant is considered as one of the 
acoustic media in a rocket motor. The viscoelas- 
tic properties of the solid, along with those of the 
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burned gases, determine the characteristic modes 
of the system corresponding to the particular 
boundary conditions imposed on these media by the 
metal components. In addition, these properties 
of the media contribute strongly to the selection of _ 
the regions of stability and instability of the sys- 
tem and, therefore, to the intermittent and sporadic 
nature, characteristic of resonant burning in solid 
propellant motors. Calculations are carried out 
to illustrate the general nature of the phenomenon, 
and the relationship of these studies to a variety 
of experimental observations is discussed. 


PROPELLANT VAPORIZATION AS A CRITE- 
RION FOR ROCKET-ENGINE DESIGN: EXPERI- 
MENTAL EFFECT OF COMBUSTOR LENGTH, 
THROAT DIAMETER, INJECTION VELOCITY, 
AND PRESSURE ON ROCKET COMBUSTOR EF- 
FICIENCY. B. J. Clark. US, NASA TN D-258, 
Apr., 1960. 27 pp. Investigation of the combus- 
tion efficiency of a heptane-oxygen rocket combus- 
tor at various combustor lengths, contraction ra- 
tios, combustor pressures, and injection veloci- 
ties of the heptane. It is shown that efficiency in- 
creases generally with injection velocity, pres- 
sure, combustor length, and contraction ratio, 
except at some of the lower contraction ratios and 
injection velocities. From the experimental data 
and analytical vaporization-rate calculations, ap- 
parent drop sizes are calculated. These sizes 
correlate the data well, show similar trends, and 
are in the same range as drop sizes measured 
under cold-flow conditions. 


ROTATING WING AIRCRAFT, HELICOPTERS 


COMPRESSIBILITY EFFECTS ON THE HOVER- 
ING PERFORMANCE OF A TWO-BLADE 10- 
FOOT-DIAMETER HELICOPTER ROTOR OPER- 
ATING AT TIP MACH NUMBERS UP TO 0.98. 

J. W. Jewel, Jr. US, NASA TN D-245, Apr., 
1960. 28 pp. 10 refs. Presentation of results of 
hovering tests showing that, asthe rotor tip speed 
is increased, compressibility losses occur at 
progressively lower rotor mean lift coefficients. 
At tip Mach numbers of 0.90 and above, compres- 
sibility losses were present even at zero thrust. 
Induced velocity distribution beneath the plane of 
the rotor appeared to be relatively unaffected by 
tip Mach number. The major factor influencing 
the noise level of the rotor was tip speed. Smaller 
increases in noise were incurred by increases in 
thrust. 


THE LATERAL STABILITY AND CONTROL OF 
THE TANDEM-ROTOR HELICOPTER. A. R. S. 
Bramwell. Gt. Brit., RAE Rep. Naval 4, Jan., 
1960. 39 pp. 10 refs. Investigation showing that 
a tall fin may provide an effective dihedral several 
times larger than that of the rotors and lead to an 
unstable Dutch roll oscillation which becomes 
progressively worse with an increase of speed. 
The corresponding spiral mode is stable. If the 
rotors provide the only contribution, the Dutch 
roll oscillation is stable but the spiral mode may 
become unstable. Simple approximations are given 
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for the estimation of the damping and period of the 
stability modes and show quite close approxima- 
tion to the more exact calculations. 
STRUCTURES 
Cylinders & Shells 


COMPARISON OF YIELD CONDITIONS FOR 
CIRCULAR CYLINDRICAL SHELLS. Antoni 
Sawczuk and P. G. Hodge, Jr. Franklin Inst. J., 
May, 1960, pp. 362-374. Navy-sponsored analysis 
considering the yield condition for a rigid-plastic 
circular cylindrical shell subjected to axially sym- 
metric loading, in terms of the circumferential 
hoop stress n and the axial bending moment m. 
Different yield conditions are obtained depending 
on whether the shell is of homogeneous or ideal 
sandwich construction, and on whether the shell 
material satisfies Tresca's or Mises' yield condi- 
tion. The example of a long shell subjected to a 
ring of pressure at its midpoint is considered for 
each of the four shell yield conditions, as well as 
for a simple "limited interaction" approximation. 
Complete stress and velocity fields are determined, 
the limit load is found, and the extent of the plastic 
region is determined. The results are assessed 
in terms of the theorems of limit analysis. 


ANALYSIS OF ELASTIC-PLASTIC STRESS 
DISTRIBUTION IN THIN-WALL CYLINDERS AND 
SPHERES SUBJECTED TO INTERNAL PRESSURE 
AND NUCLEAR RADIATION HEATING. Appendix 
A - DETERMINATION OF STRESS AND STRAIN 
DISTRIBUTION IN CYLINDER. Appendix B - 
CALCULATION OF PLASTIC STRAINS. Appendix 
C - ANALYSIS OF SPHERE. Appendix D - CAL- 
CULATION OF TEMPERATURE DISTRIBUTION 
FOR SPHERE. D. F. Johnson. US, NASA TN 
D-271, Apr., 1960. 34 pp. Application of a finite- 
difference method combined with a technique of 
successive approximations to calculate the stress- 
es in shells subjected to internal pressure, symmet- 
rical nuclear heating, and inside-wall cooling. 

For given values of pressure load (pressure times 
radius) and heat flux, there is a minimum possible 
strain for each vessel configuration. Furthermore, 
for a given value of pressure load, the minimum 
strain for different heat fluxes occurs at essential- 
ly the same wall thickness. The optimum thick- 
nesses and corresponding strains for the sphere 
were approximately half those of the cylinder for 
the same loads. 


PRESSURE CABIN ANALYSIS: AN EXTEN- 
SION TO EXISTING THEORY. D. S. Houghton 
and A. S. L. Chan. Aircraft Eng., May, 1960, 
pp. 126-131. Analysis to obtain a more accurate 
estimate of the stresses in a stiffened pressurized 
cylinder by including in the differential equation a 
term arising from the curvature of the deformed 
cylinder. This effect is neglected in the standard 
work of Timoshenko, but when the deformation is 
appreciable, the effect of this term becomes con- 
siderable. A skin flexibility parameter f appears 
as anondimensional coefficient in the new equations 
and is inversely proportional to Et (E being Young's 
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modulus of the skin and t the skin thickness, ) 
The larger this parameter, the more the stress 
distribution deviates from that predicted by the 
standard theory. Two cases are examined: when 
' < 1, as is usual with a stringer reinforced 
cabin and when £ >1, the usual case for pure 
shells having no stringer reinforcements. Com- 
parison is made graphically with standard theory, 
It is noted that the refinement to the equations 
results in the bending moment being generally re. 
duced and the hoop force being increased, 


THE THEORY OF MOMENTLESS SHELLS OF 
REVOLUTION. V. Z. Vlasov. (AN SSSR Otd. 
Tekh, Nauk Izv., May, 1955, pp. 55-84.) US, 


NASA TT F-6, Apr., 1960. 36 pp. Translation, 


Presentation of general homogeneous solutions for 
the equations of the membrane theory of shells of 
revolution of both positive and negative Gaussian 
curvature. Solutions are obtained of a number of 
boundary-value problems of edge-loaded shells 
and compound shells loaded at their junctures, 
including a compound shell made of conical seg- 
ments with stiffeners at the junctures. 


THE EFFECT OF AXIAL CONSTRAINT ON 
THE INSTABILITY OF THIN CIRCULAR CYLIN- 
DRICAL SHELLS UNDER EXTERNAL PRESSURE, 
Josef Singer. Israel Inst. Tech. Dept. Aero. 
Eng. TN 1 (AFOSR TN 60-165), Sept., 1959. 20 
pp. Application of the Rayleigh-Ritz method to 
calculate the effect of axial elastic restraint in 
the case of hydrostatic pressure for a wide range 
of parameters, which are presented as design 
curves for the percentage increase in critical 
pressure. The analysis is carried out for re- 
loading and for those which come into action only 
at the onset of buckling. The difference between 
these two types of restraint is shown to be very 
small, 


Fatigue 


FATIGUE RESISTANCE. C. R. Smith. Air- 
craft Eng., May, 1960, pp. 142-144. Study con- 
cluding that contrary to the general conception of 
adding weight for fatigue resistance, it is some- 
times possible to reduce the fatigue hazard by re- 
moving the weight. The theory of having bearing 
area, tear-out area, and tension area sufficient to 
develop the full shear strength of a rivet is not 
necessarily sound when fatigue life is considered. 
Marked improvements in fatigue resistance can be 
achieved by reducing the underlying areas to such 
an extent that they are incapable of inducing loads 
causing fatigue failures of the main structure. 
Results of tests involving fatigue failure are given, 
and seven basic considerations in the design of 
fatigue resistant structures are listed. 


Plates, Stiffened 


OBLICZANIE PLASKICH TARCZ SEGMENTO- 
WYCH Z ODKSZTALCALNYMI ELEMENT AMI 
POPRZECZNYMI. Henryk Fraczkiewicz. Arch. 
Budowy Maszyn, No. 1, 1960, pp. 53-74. In 
Polish, with summaries in English and Russian. 
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Analysis considering concentrated forces acting on 
a flat panel with deformable ribs. The variations 
of the internal forces are given in the form of 
vector functions, and the effect of rib rigidity upon 
the distribution of internal forces is considered. 

As an example, solutions are given for an infinitely 
long three-strip panel. 


Plates with Holes 


THE BENDING AND TWISTING OF A FLAT 
ELASTIC PLATE WITH A REINFORCED CIRCU- 
LAR HOLE. R. Hicks. Aero. Quart., May, 1960, 
pp. 137-158. 12 refs. Presentation of solutions 
for stress distributions in plates having small 
deflections. The reinforcement is chosen so that 
the ratio of its radial width to the diameter of the 
hole is small; this implies that there is no stress 
variation across radial sections of the reinforce- 
ment. Using the classical theory of bending, ex- 
pressions are obtained for the boundary conditions 
at the junction of the reinforcement and plate, and 
for the moments and shear forces induced in these 
elements. The following particular problems are 
considered: (a) uniform bending about one or two 
axes, and (b) uniform twisting about two axes. 

For the particular case of uniform bending about 
one axis, dataare obtained for the stress concentra- 
tion around holes for plates and reinforcements 
having a reasonably wide range of practical dimen- 
sions. 


Thermal Stress 


DEFORMATION AND THERMAL STRESS OF 
RECTANGULAR BEAMS OR FLAT STRIPS HEAT- 
ED AT ONE SURFACE, Masuji Uemura. U. 
Tokyo Aero. Res. Inst. Rep. 352, Mar., 1960, 

49 pp. Analysis considering the effect of deforma- 
tion during the transient heating condition. The 
two cases of clamped and simply supported ends, 
where axial displacements are restrained, are 
discussed taking into account the finite deforma- 
tion. When the temperature distribution along the 
length exists such that d°T >/dx* # 0 (T2 being the 
temperature gradient through the thickness and x 
the axial coordinate), the beam deflects from the 
beginning of heating. When = 0, the 
clamped beam does not deflect initially even if T2 
exists along the beam, but the simply supported 
beam deflects initially if Tz exists at both ends. 
In the other cases, it is seen that the deformation 
behavior corresponds to Euler buckling. 


THERMODYNAMICS 


Combustion 


A STUDY OF SUPERSONIC COMBUSTION. 
R, A, Gross and Wallace Chinitz. J. Aero/Space 
Sci., July, 1960, pp. 517-524, 534. 24 refs. 
USAF-supported investigation of steady, stable, 
plain, and oblique detonation waves in a steady 
flow supersonic tunnel, Ignition conditions and 
Properties across the wave were measured, The 
local-wave fluid-dynamic properties agree well 
with detonation theory. An ignition hysteresis 
phenomenon which has important theoretical con- 


sequences was discovered. Experimental behavior 
of these detonations and their possible utility are 
discussed, 


COMBUSTION OF PROPELLANT DROPLETS, ~ 
R. Sandri. Canada, NRC DME/NAE Quart. Bul. 
No. 4, Oct. 1-Dec.31, 1959, pp. 37-44. Study of 
the combustion of droplets of fuel which are inject- 
ed in a continuous spray into a hot combustion 
chamber such as a jet chamber. The phenomenon 
of spray combustion is investigated using a single 
droplet burning in an infinite atmosphere as a basis 
for the discussion. After injection, the droplet 
will rapidly lose its initial velocity and become 
practically motionless relative to the surrounding 
air. Evaporation takes place before burning. 
Part of the heat developed by the combustion is 
conducted to the droplet surface where it evapo- 
rates the liquid. The vapor then streams outward 
in a radial direction until it enters the combustion 
zone. The remainder of the combustion heat flows 
outward from the flame zone to the atmosphere. 
The total heat transport by conduction and mass 
flow inside the flame front, where thereis noheat 
development due tochemical reaction, is examined 
and the rate of evaporation is determined. The 
decrease of the droplet diameter in time is investi- 
gated and Godsave's, Hall and Diedrichsen's, and 
Saad's experiments studying this process are de- 
scribed. It is found that difference in the squares 
of the initial and present droplet diameters is pro- 
portional to time, and inversely proportional to 
the density of the fuel. The physical processes of 
diffusion and gas flow as rate-determining factors 
are evaluated. The influence of chemical reactions 
is found to be negligible. Each of the discussed 
phenomena is mathematically formulated, and the 
role of the "effective flame radius" in the discrep- 
ancies between theoretical and experimental re- 
sults is pointed out. The basically different mech- 
anism underlying the vaporization and combustion 
of monopropellants is also briefly discussed. 


PROPAGATION OF FLAMES SUPPORTED BY 
A ZEROETH-ORDER CHEMICAL REACTION. 
J. O. Hirschfelder and S. S. Van Domelen. Phys. 
Fluids, Mar.-Apr., 1960, pp. 210-216. Navy- 
supported analysis considering the properties of 
zeroth-order chemical reactions that are suited 
to serve as "global" reactions for complicated 
flame systems involving either three-dimensional 
geometry or time-dependent phenomena. These 
characteristics are independence of diffusion and 
the completion of chemical reactions at a finite 
point in space. Extensive tables are given for the 
properties of steady-state one-dimensional zeroth- 
order flames. Good agreement with the numerical 
calculations is obtained by using a simple approxi- 
mation (based upon the Adams and Wilde approach) 
which results in simple closed-form expressions 
for flame variables. 


STABLE COMBUSTION OF A HIGH-VELOCITY 
GAS IN A HEATED BOUNDARY LAYER. D. L. 
Turcotte. J. Aero/Space Sci., July, 1960, pp. 
509-516. Study of stable combustion processes 
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that may be achieved by either of two conceptual 
mechanisms. In one mechanism it is pictured that 
the heat transfer to the wall quenches the propagat- 
ing flame at a certain distance from the surface. 
In the second mechanism it is conceived that the 
hot surface provides a continuous source of ignition 
in much the same manner that the hot recircula- 
tion zone of a bluff body flame holder provides 
continuous ignition to the gas flowing around it. 

An investigation is described which shows under 
what conditions the continuous ignition mechanism 
provides the appropriate model, and also how the 
two models are related. With a turbulent boundary 
layer and a wall temperature above 1, 700°F., the 
characteristic time was found to be a systematic 
and reproducible variable. These observations 
led to the conclusion that a continuous ignition 
mechanism governs stabilization in heated turbu- 
lent boundary layers. A rational explanation is 
made for the transition from the low-speed mecha- 
nism, known to be applicable in unheated turbulent 
boundary layers and heated laminar boundary lay- 
ers, to the ignition mechanism applicable in heat- 
ed turbulent boundary layers. 


OB ANALOGIT MEZHDU GORENIEM V DETO- 
NATSIONNOI VOLNE I V RAKETNOM DVIGATE- 
LE. Iu. N. Denisov, Ia. K. Troshin, and K. I. 
Shchelkin. AN SSSR Otd. Tekh. Nauk Izv. Energ. 
i Avtom., Nov. -Dec., 1959, pp. 79-89. 17 refs. 
In Russian. Establishment of an analogy between 
the combustion process in a detonation wave and 
that in a rocket engine. The instability criterion 
is derived for various propellant mixtures; the 
nature and mechanism of inhomogeneities in the 
front of the detonation wave is studied, showing 
the presence of two types of detonation waves - 
pulse and spin. For pulse and spin detonation, 
the role of the oblique shock waves in the mecha- 
nism of high-frequency oscillations is determined 
experimentally, and the absence of the two-dimen- 
sional wave front is established. 


Heat Transfer 


NUMERICAL COMPUTATION OF AERODYNA- 
MIC HEATING OF LIQUID PROPELLANTS. J. L. 
Kramer, H. H. Lowell, and W. H. Roudebush. US, 
NASA TN D-273, Apr., 1960. 28 pp. Application 
of the one-dimensional aerodynamic heating theory 
to the calculation of heat input to rocket propellant 
tanks. The heat-transfer coefficient between the 
liquid propellant and the wall is included and is 
found to have a large influence in some cases. 
Results of several examples are presented. The 
heat capacities of the insulation and the metal tank 
wall are not included. Examples are given which 
indicate the magnitude of the resulting error in 
several cases. 


SOLAR HEATING OF A ROTATING CYLINDRI- 
CAL SPACE VEHICLE. A. Charnes and S. Ray- 
nor. ARS J., May, 1960, pp. 479-484. Study of 
solar heating in a space vehicle idealized as a 
thin walled circular cylinder rotating with uniform 
velocity about its geometric axis in which heat 
transfer by convection and heat exchange within 
the cylinder are negligible. The nonlinear problem 
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is approximated through a perturbation analysis, 
and detailed estimates are made of the parameters 
of interest for various ranges of speed of rotation, 
An estimate of the error between the exact and 
perturbational approaches is made in the case ofan 
illustrative example which might be expected to 
entail an extreme deviation. 


VTOL & STOL 


SOME QUALITATIVE CHARACTERISTICS OF 
A TWO-DIMENSIONAL PERIPHERAL JET. W,B, 
Nixon and T. E. Sweeney. Princeton U. Dept, 
Aero. Eng. Rep. 484, Sept., 1959. 16 pp. Army. 
sponsored investigation of base pressure distribu. 
tions of a two-dimensional peripheral jet model in 
simulated hovering flight. Flow patterns are de- 
duced from these distributions and verified with 
smoke studies. The standing vortex associated 
with this type of device is plotted as a function of 
altitude and angle of inclination, and the relation. 
ship between the vortex and static instability is 
shown for three initial jet angles. Also included 
is a brief discussion of the unsteady flow pattern 
generated at certain altitudes and initial jet angles, 
This flow is plotted and is shown to deteriorate 
into a Karman street, thus explaining the critical 
altitude reported by other investigators. 


ZUR BERECHNUNG DER KURZSTART LEIS- 
TUNGEN VON FLUGZEUGEN MIT SCHUB- 
SCHWENK-TRIEBWERKEN. H. M. Dathe. ZFW, 
Mar., 1960, pp. 61-67. In German. Study cover- 
ing the horizontal take-off of aircraft equipped 
with tilt thrust units analyzed for different tilt an- 
gles. The assumption of constant take-off speed 
is introduced and used in the analysis of climb 
performance up to the obstacle clearance height. 
The take-off distances, calculated for a typical 
example, indicate the possibilities of using a 
VTOL aircraft for STOL operations over the thrust 
range of So/G = 0.8 and 1.0 (S being the thrust 
and G the weight). 


SUR L'UTILISATION DES JETS PROPULSIFS 
A L'HYPERSUSTENTATION D'UN AVION, Ph. 
Poisson-Quinton and A, Bevert. Tech. & Sci. 
Aéronautiques, Sept. -Oct., 1959, pp. 295-316, 
In French. Survey of various methods of lift gen- 
eration by means of jets and evaluation of the jet 
flap principle. Wind-tunnel experiments on three 
configurations of hypothetical aircraft capable of 
high speed with low aspect ratio wings are de- 
scribed, The lift and drag performance, as func- 
tion of turbine thrust, is compared with that ob- 
tained by simple downward deflection of the jets. 
The longitudinal stabilization achieved by means 
of auxiliary jets in the nose of the fuselage is also 
studied. Included in the survey are preliminary 
studies of the ground effect principle with results 
of the effect of various parameters (intensity and 
orientation of the jets) as function of the distance 
from the ground. The similarity of results obtain 
ed on a platform and on jet flaps is pointed out and 
the possibility of using the favorable ground effect 
for take-off and landing application to high-speed 
aircraft is evaluated. 
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Maintenance 


Multi-Use 
Automated 


The recent demonstration of multi-purpose 
test equipment (MPTE), developed by 
RCA under a series of Army Ordnance con- 
tracts, highlights a new dimension in auto- 
mated multi-use systems support and culmi- 
nates a long-term RCA effort in this field. 
This General Evaluation Equipment is an 
automated, transistorized, dynamic check- 
out system. It contains a completely modu- 
larized array of electronic and mechanical 


Tmk(s) ® 


evaluation equipment, capable of checking 
a variety of electromechanical devices, 
ranging from radar subassemblies to missile 
guidance computers. MPTE provides the 
stimuli, programming, control, measure- 
ment and test functions for the NIKE AJAX, 
NIKE HERCULES, LACROSSE, HAWK 
and CORPORAL missile systems and has 
been extended to other weapons systems 
related to our defense efforts. 


RADIO CORPORATION of AMERICA 


DEFENSE ELECTRONIC PRODUCTS 
CAMDEN, NEW JERSEY 
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mation to the downwash is obtained by a numeri- 
cal integration, based on the (m-1)t» approxima- 
tion to the distribution of circulation, is used to 
deduce the loading over straight-tapered wings, 
as those used on sailplanes. 


Asupra Rezistentei de Unda si Momentului de 
Ruliu Ale Aripilor cu Borduri de Atac Supersonice. 
M. Ionescu and Gh. Darie. Stud. Cerc. Mec. 
Aplic., No. 3, 1959, pp. 683-693. In Rumanian. 
Calculation of the axial turbulent velocity, as well 
as drag and moment coefficients, for triangular 
—_ with supersonic leading edges in homogene- 
ous flow. 


Further Comments on ‘‘Limiting Circulatory 
Lift of a Wing of Finite Aspect Ratio.’’ H. S. 
a ns J. Aero/Space Sct., June, 1960, pp. 
460, 461. 


L’Ecoulement Supersonique Autour du Systéme 
Portant Aile-Fuselage Conique. Elie Carafoli 
and Dan Mateescu. (Stud. Cerc. Mec. Aplic., 
No. 2, 1959, pp. 335-350.) Rev. Méc. Appl., No. 
3, 1959, pp. 377-390. In French. Study of the 
supersonic flow about a lifting system composed 
of a wing and a conical fuselage. 


Aeroelasticity 


Caractéristiques Aérodynamiques des Ailes 
Triangulaires Ayant un Mouvement Oscillatoire 
en Régime Supersonique. §.SAndulescu. (Stud. 
Cerc. Mec. Aplic., No. 3, 1959, pp. 711-721.) 
Rev. Méc. Appl., No. 4, 1959, pp. 581-590. In 
French. Study of the aerodynamic characteristics 
of triangular wings vibrating harmonically in 
supersonic flow. 


Eigenwerte und Eigenschwingungsformen im 
variierten Schwingungsgebilde héheren Freiheits- 
grades. E. Hiibner. Forschung Gebiete Ing., 
Ausg. A, No. 5, 1959, pp. 148-158. In German. 
Investigation of eigenvalues and _ vibrational 
modes in modified systems with a finite number 
of degrees of freedom. 


Anwendung der Deltamatrizen auf inhomogene 
Probleme. E. Pestel. Ing.-Arch., No. 4, 1959, 
pp. 250-254. In German. Extension of the 
delta-matrix method to cover the case of forced 
vibrations in beams and corresponding static 
problems. 


On Supersonic Flutter of Long Panels. J. W. 
Miles. J. Aero/Space Sci., June, 1960, p. 476. 
Examination of a paradox appearing in the work 
of Movchan regarding the stability criterion of a 
panel as the length approaches infinity. It is 
shown that this paradox is a consequence of an 
improper application of the piston-theory approx- 
imation for the aerodynamic forces and that 
each of the two different results obtained by Mov- 
chan for an infinitely long panels is in error. 


Fatigue Loadings in Flight-Loads in the Tail- 
Plane of a Devon. Anne Burns. Gt. Brit., 
ARC CP 472 (Sept., 1959) 1960. 21 pp. BIS, 
New York, $0.63. 


Simplified Vibration Analysis. IV—-Lumped 
Multiple-Mass Systems. A.H. Church. Mach. 
Des., Mar. 31, 1960, pp. 116-122. Discussion 
and illustration of component and normal-mode 
mobility methods as applied to multiple-mass 
systems having three degrees of freedom. Exci- 
tation is applied first to the end mass, and later to 
the center mass. A solution is obtained for both 
conditions. 


Non-Linear Vibrations with Two Degrees of 
Freedom. C. Schmieden. (Ing.-Arch., No. 4, 
1957; No. 2, 1958, pp. 292-302; 110-128.) Gt. 
Brit., RAE Lib. Transl. 863, Jan., 1960. 57 pp. 
Study of a double pendulum system with equal 
lengths but varying mass ratio. The generaliza- 
tion of Duffing’s differential equation for two 
degrees of freedom is described. The periodic 
solution for finite amplitude is deduced, and a case 
is studied in which the frequencies of the funda- 
mental and overtone vibrations are in an integral 
ratio. 


Free Vibration of an Isotropic Non-Homogene- 
ous Rectangular Plate. Z. Mazurkiewicz. Acad. 
Pol. Sci. Bul., Tech. Sci. Ser., No. 2, 1960, pp. 
63-68. Presentation of an accurate solution to 
the problem of free vibration of a thin isotropic 
plate simply supported on the periphery. The 
method consists of replacing the differential 
equation of the problem by a homogeneous 
Fredholm integral equation and then reducing it 
> an infinite system of homogeneous linear equa- 
ions. 


Free Vibration and MHysteretic Damping. 
P. Lancaster. RAeS J., Apr., 1960, p. 229. 
Analysis showing the difficulties encountered in 
the physical interpretation of mathematical sys- 
tems when using the concept of “complex stiff- 
ness. 


Air Transportation 


Special Issue: Airlines of the World. Flight 
Apr. 8, 1960, pp. 475-518. Partial Contents: 
The Domestic Scene. The British Carriers. 
The Overseas Carriers. Airline Scheduled 
Traffic. Comprehensive guide to the world’s 
airline industry, including a directory covering 
over 450 foreign airlines and the latest scheduled 
traffic statistics. 
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Problemi Attuali dell’Aviazione Civile da 


Trasporto. Lucio Lazzarino. (L’Ingegnere, No. 
9, 1957, pp. 3-10.) U. Pisa Fac. Eng. Paper 830, 
1958. 10 pp. 43 refs. Reprint. In Italian. 


Survey of problems connected with the develop- 
ment of civil aviation, covering such aspects as 
airline schedules, cost, and safety. 

Man-Made Obstacles. E. R. Quesada. Air 
Transp., Apr., 1960, pp. 22, 25-27. Survey of the 
advantages of a modern civil air cargo fleet. The 
industry’s reluctance to develop and acquire 
uncompromised all-cargo aircraft is seen as the 
major obstacle in the development of efficient, 
economical air cargo transportation. 

Cargo Handling in Cargo Aircraft. D.A. K. 
Haselum. SLAE J., Feb., 1960, pp. 2-4, 12. 
Discussion summarizing the most important 
characteristics desirable in a practical cargo- 
carrying aircraft. Factors to be considered in 
aircraft intended for quick conversion to passen- 
ger carrying, or to mixed passenger and freight 
carrying, are also pointed out. 

Douglas Plans Automated Cargo System. 
Russell Hawkes. Av. Week & Space Tech., May 2, 
1960, pp. 148-153. Discussion of the market 
potential for air cargo transporation and of the 
economic considerations in aircraft size, handling 
time, and data processing techniques. The 
need for an integration of cargo handling systems 
for all types of transportation is also discussed, 
and the proposal to cut airplane turnaround time 
by using the equivalent of waterfront piers at 
permanent major terminals is presented. 

Airline ‘Subsidies—Purpose, Cause and Con- 
trol. L. O. Barnes. J. Air Law Commerce, 
Autumn, 1959. ppv. 311-322. Discussion of the 
purpose of subsidy devoted to the support of 
scheduled air service to intermediate sized cities 
and communities, and presentation of the reason 
for its steady increase. A way is studied to re- 
duce, and ultimately eliminate, this form of sub- 
sidized competition. 

Vertical Transport Business. R.L. Cummings, 
Jr. (RAeS Rotorcraft Sect. Meeting, London, Feb. 5, 
1960.) RAeS J., Apr., 1960, pp. 199-205; Dis- 
cussion, pp. 205-210. Discussion covering the 
technical and economic aspects of transportation 
service which utilizes the capability for vertical 
flight. The future use of ten multi-turbine Vertol 
107 aircraft designed to cruise in excess of 150 
m.p.h. with 25 passengers is also mentioned. 


Airplanes 


Control Systems, Automatic Pilots 


Statistical Data on Control Motions and Air- 
Plane Response of a Republic F-84F Airplane 
During Operational Training Missions. H. A. 
Hamer and J. P. Mayer. U.S., NASA TN D- 
386, Mar., 1960. 156 pp. Presentation of flight 
measurements made during various tactical 
maneuvers at altitudes up to about 42,000 ft., 
indicated airspeeds up to 600 knots, and Mach 
numbers up to 1.1 


The Effects of Longitudinal Control-System 
Dynamics on Pilot Opinion and Response Char- 
acteristics as Determined from Flight Tests and 
from Ground Simulator Studies. Melvin Sadoff. 
U.S., NASA Memo. 10-1-58A, Oct., 1958. 63 
pp. Survey of the effects on pilot opinion and 
response characteristics of variations in stick force 
per g, control system time constant, and dead- 
band or stabilizer breakout force. 

A Flight Investigation of an Acceleration Re- 
strictor. Arthur Assadourian and D. L. Mallick. 
U.S., NASA TN D-241, Apr., 1960. 29 pp. 
Flight investigation to determine the operating 
characteristics of an acceleration restrictor in- 
tended to be apnlicable to airplanes having stable 
and reasonably linear pitching-moment character- 
istics. The restrictor works by locking the eleva- 
tor with a magnetic brake and gear train when- 
ever a function of normal acceleration, pitching 
acceleration, and pitching velocity exceeds a 
certain preset value. 


Description 


VC.10 to Use Split System for Control. John 
Tunstall. Av. Week & Space Tech., May 2, 1960, 
pp. 132, 134, 135, 137. Discussion of the design 
and production details of the Vickers VC.10 four- 
turbojet transport which utilizes an all-powered- 
control system, split between hydraulic and elec- 
tric systems. 


Multi-Mission B-58 Proposal Detailed. Av. 
Week & Space Tech., Apr. 18, 1960, pp. 64-67. 
Discussion of design proposals for three different 
versions of the B-58 using the Pratt and Whitney 
J58 engines. A bomber-version would use four 
such engines and have a cruising speed of Mach 
2.4. Fighter-interceptor and fighter-bomber ver- 
sions would use two J58’s. 

Das schweizerische Erdkampfflugzevg P16- 
MKIII. Flugwehr & -Technik, Dec., 1959, pp. 
313-316. In German. Description of the Swiss 
PI6MkIII fighter bomber aircraft, including de- 
tails of the design, fuel system, and hydraulic and 
electric systems, as well as flight performance and 
range. 


FAA, NASA Study Supersonic Transport. 
J. S. Butz, Jr. Av. Week & Space Tech., May 2, 
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1960, pp. 60, 61, 63-82 (ff.). Discussion of prob. 
lems of flight efficiency, stainless steel constrye. 
tion, and engine performance required in the de. 
velopment and operation of an economic super. 
sonic commercial transport. Research goals 
and programs, requirements, and state of the art 
are covered. 


Landing, Landing Loads 


A Flight Evaluation of the Factors Which 
Influence the Selection of Landing Approach 
Speeds. F. J. Drinkwater, III, and G. E. Cooper, 
U.S., NASA Memo. 10-6-58A, Dec., 1958. 94 
pp. 11 refs. Evaluation of a large number of 
jet-propelled airplane configurations, including 
various wing boundary-layer-control systems, 
during landing approaches. The relationship 
between pilot technique and the limiting factors 
is discussed from the pilot’s point of view. 


Pilot Opinions and Practices on the Approach 
to Landing: A Questionary Survey Among 
Australian Civil and Military Pilots. J.C. Lane 
and R. W. Cumming. Australia, ARL Rep, 
H.E. 1, Apr., 1959. 72 pp. 


All Weather Landing. Percy Halpert. Sperry 
Eng. Rev., Apr. 19, 1960, pp. 2-11. Description 
of the instrumentation for the various phases of 
aircraft approach and landing in low-ceiling 
weather, with emphasis on current and future 
development to meet special requirements of jet 
transports. 


Landing Gear 


Boeing 707 Landing Gear Problems and Their 
Solution. W. P. Ericksen. SAE J., Apr, 
1960, pp. 36,37. Abridged. 


Operating Characteristics, Economics 


Business, Airline & Agricultural Aircraft. 
Bus./Coml. Av., Apr., 1960, pp. 26-37, 40-45. 
Presentation of tables giving the design and per- 
formance characteristics, as well as the operating 
costs, of airplanes and helicopters suitable for 
business, airline, and agricultural uses. 


The Operational Requirements of Aircraft with 
Special Reference to the Possible Application of 
V.T.O.L. and S.T.O.L. Aircraft in Africa South 
of the Sahara. A. J. A. Roux. RAeS J., Mar, 
1960, pp. 149-154. 


Operational Requirements for Aircraft in 
Australian Territories. L. P. Coombes and J. 
Munro. RAeS J., Mar., 1960, pp. 146-148. 


YT-38 Category I Flight Test. C. C. Crawford, 
Jr., and S. H. Nelson. USAF FTC TR 59-42, 
Jan., 1960. 153 pp. Presentation of test results 
for the following: cockpit evaluation, ground 
operation, take-off, in-flight performance, ap- 
proach and landing, airspeed calibration, control 
system friction tests, stability and control, night 
flying, and maintenance. 


Caravelle Shows Service Dependability. D. 
A. Anderton. Av. Week & Space Tech., May 2, 
1960, pp. 119, 121, 123-131. 


The Low Speed Approach and Catapult Launch 
Problems in High Performance Naval Aircraft. 
D. J. Whitehead. RAeS J., Apr., 1960, pp. 183- 
198. Discussion of basic aerodynamic engineer- 
ing and piloting problems that have been en- 
countered in the design and development of naval 
deck landing aircraft of basically swept-wing 
configurations and high transonic or supersonic 
performance. Several devices evolved to over- 
come or minimize the problems are also described 


Airports 


Criteri Informatori del Progetto di Massima del 
“Celiporto” diGenova. CesareCremona. (AIR 
Ist Natl. Congr., Genoa, Oct. 5-12, 1959.)__ Missili 
Dec., 1959, pp. 5-20. In Italian. Discussion 
covering the preliminary project of Genoa celi 

rt’’——i.e., a departure and return station for 
freight commercial missiles. 


Heliports 


Criteri per 1’Impianto e la Costruzione degli 


Eliporti. Luigi Pera. Pisa U. Fac. Eng. Pape 
852, 1958. 55 pp. 31 refs. Reprint.’>10 


Italian. Discussion of the organization and cot 
struction of heliports, including helicopter type. 
their uses, runway requirements, heliport locé- 
tion, and other considerations. 


Aviation & Space Medicine 


The Adaptation of the British General Servict 
Stretcher to N.A.T.O. Standards. S. W. Chis 
man. Gt. Brit., RAE TN Mech. Eng. 304, Nov 
1959. 12 pp. 


The Maintenance of Thermal Comfort in a Full 
Pressure Suit at Simulated Altitude. L. 
SantaMaria, S. J. Klein, and H. R. Greidet 
(Aero Med. Assoc. 29th Annual Meeting, Wash. 
Mar. 24, 1958.) Aerospace Med., Apr., 1960, pP 
288-295. Experimental investigation on thre 


human subjects exposed to different levels ° 


ambient and ventilating temperatures to dete 
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mine ventilation requirements for comfort main- 
tenance. It is found that ventilation demands 
increase significantly by an average of 24 per 
cent as the ambient temperature increases 
from 125° to 150°F. 

Influence of Dietary Cysteine Upon the Effects 
of Continuous Low-Level Irradiation. R. L. 
Preston and A. Hellman. USAF WADC TN 
59-190, Dec., 1959. 14 pp. 15 refs. 


Effects of Somatotropin on Metabolic Re- 
sponses to Cold, Heat, and Altitude. H. B. Hale 
and R. B. Mefferd, Jr. USAF SAM Rep. 60- 
34, Jan., 1960. 21 pp. 10 refs. 


Stress Effects of Noise in Vertebrate Animals. 
Adam Anthony and Eugene Ackerman. USAF 
WADC TR 58-622, Sept., 1959. 49pp. 47 refs. 

Effects of Aircraft Sound on Swine. C. F. 
Winchester, L. E. Campbell, James Bond, and 
J.C. Webb. USAF WADC TR 59-200, Aug., 
1959. 47 pp. 10refs. 


Active Ear Defender Systems: Development 
of a Laboratory Model. W.F. Meeker. USAF 
WADC TR 57-368, Pt. II, Dec., 1959. 41 pp. 


Handbook of Circulation. P. L. Altman. 
USAF WADC TR 59-593, Oct., 1959. 363 pp. 
3,131 refs. Compilation of data on circulation for 
man, animals, and plants, arranged in 17 cate- 
gories and presented in tabular and graphical 
form. 

Human Cardioaccelerative Responses to Hy- 
poxia in Combination with Heat. 4 Hale. 
Aerospace Med., Apr., 1960, pp. 276-287. Experi- 
mental investigation of the effects of (a) hypoxia 
imposed slightly later than heat, (b) hypoxia im- 
posed simultaneously with heat, and (c) hypoxia 
imposed simultaneously with heat and continued 
for 45 minutes. The results show that hypoxia 
and heat usually act additively in increasing the 
load on the circulatory system, 


Distribution of Myocardial Blood Flow in the 
Rat. E. J. Hershgold, S. H. Steiner, and L. A. 
Sapirstein. (Circulation Res., July, 1959.) 
USAF WADC TN 59-425, Dec., 1959. 4 pp. 
16 refs. Reprint. 


Modification of Techniques for | 
the Uptake of Iron-59 in Newly Formed Re 
Blood Cells. R. L. Preston and A. P. Raun. 
USAF WADC TN 59-214, Dec., 1959. 6 pp. 


Experimental Observations on Postural Nystag- 
mus; Lesions of the Nodulus. César Fernan- 
dez, René Alzate, and J. R. Lindsay. USAF 
SAM Rep. 60-23, Jan., 1960. 17 pp. 22 refs. 


A Study of Personality Characteristics in 
Patients with Temporomandibular Joint Symp- 
toms. C. M. McCall, Jr., Lucian Szmyd, and 
R. M. Ritter. USAF SAM Rep. 60-46, Mar., 
1960. 8 pp. 


A Simplified Electronic Tracking Apparatus 
(SETA). Peter Gain and P. M. Fitts. USAF 
WADC TR 59-44, Nov., 1959. 12 pp. 


Thermistors—The Key to Bio-Medical Meas- 
in Space. T. Paludan. Electronic 
Ind., Apr., 1960, pp. 83-85. Discussion of a de- 
vice using thermistors for measuring the breath- 
ing rate of primates during ballistic flight. The 
requirements for such a device, its circuitry, and 
rats obtained with this device are pre- 
sen 


. Physiologic Effects of Cabin Pressure Failure 
in High Altitude Passenger Aircraft. Ch. A. 
Bryan and W. G. Leach. (Aero Med. Assoc. 30th 
Annual Meeting, Los Angeles, Apr. 28, 1959.) 
Aerospace Med., Apr., 1960, pp. 267-275. In- 
vestigation conducted on eight healthy human 
males, showing no serious consequences from the 
rapid pressure change itself. Hypoxia, on the 
other hand, caused unconsciousness to occur with 
startling suddenness, preceded by virtually no 
symptoms. 
Polarographic Studies of the Cat’s Auditory 
ex. E. A. Rice. USAF WADCTR 59-769, 
Dec., 1959. 15 pp. 15 refs. 


Human Engineering 


The Amount of Information in the Absolute 
Judgment of Munsell Hues. D. W. Conover. 
pia WADC TN 58-262, June, 1959. 48 pp. 

Tels. 


Operator Change-Over Effects in a Complex 
Task. J. S. Kidd and R. G. Kinkade. USAF 
WADC TR 59-235, Aug., 1959. 12 pp. 14 refs. 
Investigation of the loss in system performance 
due to operator change-over and extended work 
duration. The findings are evaluated with re- 
Spect to studies of warm-up, preparatory set, and 
work fatigue effects observed in other task settings. 

Size, Blur, and Contrast as Variables Affecting 
the Le bility of Alpha-Numeric Symbols on 
Radar-Type Displays. W. C. Howell and C. L. 
Kraft. USAF WADC TR 59-536, Sept., 1959. 
38 pp. 17 refs. 


Chemistry 


Notes on the International Symposium on 
Macromolecules, Wiesbaden, 12th-17th October, 
1959 and the International Symposium on the 
Ageing of Plastics, Diisseldorf, 19th October, 
1959. w. w. Wright. Gt. Brit., RAE TN Chem. 
1359, Nov., 1959. 25 pp. 


High performance 
hydraulic pumps by 
Eastern are uniquely 
suited to the exacting 
operating require- 
ments demanded in 
the craft of tomorrow. 


Check these Eastern 
gear pump features 
— do they suggest a 
solution to your 
present design 
problem? 


Small size: Eastern gear pumps are the smallest, lightest 
made. Airborne servo system pump shown delivers 1.5 
gpm @ 1500 psig — measures only 1%” x 1%” x 2%”, 
weighs 9 oz. 


Wide performance range: pumps available have 
theoretical displacement from .0016 to .0419 cu. in. per 
revolution — flow from .025 to 2.0 gpm, pressures from 
0 to 2000 psig, at speeds to 24,000 rpm. Weights with 
ay motor range from 1.5 to 8.5 lbs. 


Unaffected by extreme environments: rugged, 
reliable Eastern units take loads to 50g in stride — shrug 
off temperature differentials to meet MIL specs. 


Flexibility, economy: mass-produced components can 
be teamed into the precise configuration you need. 
Creatively-engineered custom pumps also available. 


Contact Eastern for creative contributions to help 
you solve your hydraulic pump or power problems. 
Write for Bulletin 360 — your complete new 

guide to Eastern aviation products. 


Hydraulic power ¢ electronic cooling ¢ refrigeration-type cooling 
ization-dehydration * servo-valve hydraulic systems 


EASTERN INDUSTRIES, INC. 


100 Skiff Street * Hamden, Conn. 


Los Angeles Office: 4203 Spencer St., Torrance, Calif. 
Tel.: FRontier 6-1921 
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Computers 


An Automatic Analogue Computer for Missile- 
Homing Investigations. J. G. Thomason. Soc. 
Instr. Tech. Trans., Mar., 1960, pp. 16-19; Dis- 
cussion, pp. 19-21. Discussion of the advantages 
of using an electronic analog computer for solving 
the equations involved in missile-homing investi- 
gations. The computer is provided with automa- 
tic programing and coefficient-setting and with 
punched tape output for feeding to a digital com- 
puter. 


Technique for Plotting Fre- 
quency Response. J. L. Webster and D. N. 
Schultz. ARS J., Mar., 1960, pp. 273-275. 


An Analog and Digital Airborne Data Acquisi- 
tion System. D.H. Ellis and J. M. Walter, Jr. 
IRE Proc., Apr., 1960, pp. 713-724. Detailed 
description of the low-level gate circuit, program- 
ing, accumulating, and coding techniques for a 
system designed using all transistorized compo- 
nents and constructed to withstand vehicular 
environmental extremes. 


Simple Formula for Prediction and Automatic 
Scrutation. R. J. Duffin. (ARS Flight Testing 
Conf., Daytona Beach, Mar. 23-25, 1959.) ARS J., 
Apr., 1960, pp. 364, 365. Study of the prediction 
from data obtained at regular time intervals. 
From a knowledge of a regular sequence of such 
observations, it is desired to predict the next ob- 
servation. This prediction is carried out by a 
least squares fit of the data with a polynomial. 


Information Handling. G. Guanella. Brown 
Boveri Rev., Nov.-Dec., 1959, pp. 581-593. Dis- 
cussion of the relationship between the informa- 
tion content, the transmission time and reliability, 
and the susceptibility of the transmission system 
to noise. 


Digitron: Automatic Data Processing and 
Display. Remargs, Spring, 1960, pp. 6, 7. De- 
scription of a device, designed for incorporation 
in present communication systems to establish 
comprehensive man-machine-relationship. 


Selective Calling for Data Link Systems. A. I. 
Perlin. Electronics, Apr. 29, 1960, pp. 108-110. 
Discussion of the Selective Calling equipment 
which, in the case of radio equipment, removes 
the necessity for continuous monitoring of a com- 
munication channel. 

Design by Digital Computer. Ch. J. Lynch. 
Prod. Eng., Apr. 11, 1960, pp. 43-58. 10 refs. 
Discussion of the considerations in the selection 
and operation of the new desk-size computers. 
A guide to the small computers now on the market 
is included. 

Arithmetic Operations for Digital Computers 
Using a Modified Reflected Binary Code. H. M. 
Lucal. IRE Trans., EC Ser., Dec., 1959, pp. 
449-458. 

Tsifrovye Raznostnye Analizatory dlia Pro- 
Dvizheniia po Parabolicheskim 

ivym. A.A. Voronov. AN SSSR Otd. Tekh. 
Nauk Izv. Energ. i Avtom., Sept.-Oct., 1959, pp. 
147-155. In Russian. Description of digital 
differential analyzers applied to metal-cutting 
processes. 


Advisor; Advanced Integrated Safety and Opti- 
mizing Computer. Convair Traveler, Apr., 1960, 
pp. 3-7. Description of an airborne computer to 
aid in take-off, optimum cruise performance, and 
navigation. 


Control Theory 


Theory of Automatic Control Systems. R. 
Zwicky. Brown Boveri Rev., Nov.-Dec., 1959, pp. 
594-608. Presentation of a method for solving 
questions of stability on the basis of the Nyquist 
stability criterion and with the aid of the fre- 
quency response diagram of the open control loop. 

On the Synthesis of Adaptive Systems. R. 
Kulikowski. Acad. Pol. Sci. Bul., Tech. Sct. Ser., 
No. 12, 1959, pp. 697-707. Discussion of the 
prediction of the input signal, identification of the 
extrapolated state of the system, derivation of the 
explicit expressions for the optimum control, 
synthesis of the optimum controller, and opti 
mum control in the nonlinear control systems. 
The analysis uses practical examples of the guid- 
ance systems. 

Sintez Elementov Lineinykh Sistem Avto- 
maticheskogo Regulirovaniia. I. A. Orurk. 
Aviom. i Telemekh., Dec., 1959, pp. 1595-1602. 
In Russian. Presentation of a method of syn- 
thesis for elements of linear automatic control 
systems, using time characteristics and ratios ob- 
tained from integral polynomial equations, as 
well as the D-plot of the parameter plane. 

O Sinteze Lineinykh Sistem Avtomaticheskogo 
Upravieniia s Peremennymi Parametrami. 
V. Mal’chikov. Aviom. i Telemekh., Dec., 1959, 
pp. 1588-1594. In Russian. Presentation of a 
method for solving the problem of synthesis of 
linear automatic control systems with variable 
parameters for the case when the optimum dyna- 
mic characteristic of the system is given by its 
weight function W(é, 7). 

Printsip Maksimuma L. S. Pontriagina v Teorii 
Optimal’nykh Sistem. III. L. I. Rozonoer. 
Avtom. i Telemekh., Dec., 1959, pp. 1561-1578. 
12 refs. In Russian. Establishment of a rela- 
tionship between the method of dynamic pro- 
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graming and the Pontriagin maximum principle, 
and presentation of a method of solution for 
optimalization problems in linear discrete sys- 
tems. The application of the maximum principle 
to the solution of a certain class of problems in 
the theory of dynamic accuracy of automatic 
control systems is also discussed. 


Recent Advances in the Field of Sampled-Data 
and Digital Control Systems. E. I. Jury. U. 
Calif. Inst. Eng. Res. Dept. Elec. Eng. Ser. 60/ 
1256 (AFOSR TN 58-1017), Oct. 20, 1959. 37 
pp. 49 refs. Survey covering the linear, statis- 
tical, nonlinear, and time-varying theories, and 
digital control systems. The topics are described 
and methods of analysis and design, with their 
major purposes and achievements, are enumer- 
ated. 


An Optimization Theory for Feedback Con- 
trol System Design. C. W. Merriam, III. Info. 
& Control, Mar., 1960, pp. 32-59. Navy-sup- 
ported presentation of a theory which specifies 
the optimum configuration of the controller 
components in terms of measured signals asso- 
ciated with the dynamic system being controlled, 
and in terms of input signals which can be either 
nondeterministic or deterministic. It is appli- 
cable to motion of aircraft and spacecraft under 
large perturbation maneuvers where nonlinear 
stability derivatives and inertial cross-coupling 
cannot be neglected. It is also applicable to 
dynamic systems that experience a saturation of 
the control signals which is characteristic of the 
te limits associated with aircraft control sur- 
aces. 


Chastotnye Kharakteristiki Releinykh Sledia- 
shchikh Sistem. Ia. Z. Tsypkin. Aviom. i 
Telemekh., Dec., 1959, pp. 1603-1610. In Rus- 
sian. Presentation of a method for plotting 
amplitude-frequency and phase-frequency char- 
acteristics of relay control systems for a periodic 
external disturbance of arbitrary form. 


An Engineer’s Approach to a Servo Problem. 

Appendix I—Some Graphical Methods of Cal- 
culating. Appendix II—Backlash, Resilience, 
and echanical Hysteresis. Appendix III— 
Forward and Reverse Efficiency of Gear Trains. 
Hugh Clausen. Soc. Instr. Tech. Trans., Mar., 
1960, pp. 1-16. Discussion of the major steps 
in the design of a servosystem, needed to give a 
required specific performance. 
Controlling Hydraulic ‘‘Muscle’’ by Electronic 
Mind.”’ Fairey Rev., Mar., 1960, pp. 2-5. 
Discussion of the design and performance of the 
Fairey electro-hydraulic servo valve. 


Documentation 


The Effects of Serial Position in Check-List 
Design. D. W. Rees and N. K. Copeland. 
USAF WADC TR 59-552, Sept., 1959. 17 pp. 

Guide to Design of Air Force Check-List 
Publications. D. W. Rees. USAF WADC TR 
59-758, Dec., 1959. 54 pp. 


Education & Training 


The Subsonic Ram-Jet as an Aid to Technical 
Education. P. A Hilton. RAeS J., Apr., 
1960, pp. 226-228. Description of equipment 
consisting of the engine on the test stand, the air 
supply blower, and an exhaust deflector, which 
enables a student to undertake performance 
studies of a complete jet engine under simulated 
flight conditions. 


Electronics 


Amplifiers 


Preamplifier Designed for Minimum Power 
Consumption. C. D. Todd. Electronics, Apr. 
29, 1960, pp. 106,107. Presentation of the design 
of a three-stage amplifier which operates with a 
battery drain of less than one milliwatt. 

Theory of the Travelling-Wave Parametric 
Amplifier. A. L. Cullen. (JEE Paper 2991 E.) 
IEE Proc., Pt. B, Mar., 1960, pp. 101-107. 


Saturation Effects in a Travelling-Wave Para- 
metric Amplifier. A. Jurkus and P. N. Robson. 
(IEE Paper 3017 E.) IEE Proc., Pt. B, Mar., 
1960, pp. 119-122; Discussion, pp. 123-125; 
Authors’ Replies, pp. 125, 126. 


Vliianie Vikhrevykh Tokov na Kharakteristiki 
Magnitnykh Usilitelei s Obratnoi Sviaz’iu pri 
Malom Soprotivienii Tsepi Upravleniia. M. A. 
Rozenblat. Aviom. i Telemekh., Dec., 1959, pp. 
1659-1670. In Russian. Derivation of formu- 
las to calculate the effect of eddy currents on the 
characteristics of feedback magnetic amplifiers 
with low resistance of control circuits. 


Antennas, Radomes 


Improving the Helical Beam Antenna. A. G. 
Holtum, Jr. Electronics, Apr. 29, 1960, pp. 99- 
101. Description of experiments performed on a 
bifilar antenna with two feeds and a phasing 
harness. A simple expression for the radiation 
pattern is derived and compared with measure- 
ments made over a bandwidth of approximately 
1.5 to 1. 
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Stepped-Index Luneburg Lenses. FE. 
Buckley. Electronic Des., Apr. 13, 1960, pp. 86. 
89. Discussion covering the theory, construction 
characteristics, and uses of Luneberg lenses. . 


Ground Antenna for Space Communication 
System. K. W. Linnes, W. D. Merrick, and R. 
Stevens. JRE Trans., SET Ser., Mar., 1960, pp 
45-54. Discussion of the mechanical and elec. 
trical characteristics of the TRAC(E) system 
antenna and its subsystems. Its operation, per- 
formance, and the limitations which it imposes'on 
the space communication system are studied. — 


A Broad-Band Spherical Satellite Antenna, 
H. B. Riblet. IRE Proc., Apr., 1960, pp. 63]- 
635. Navy-supported discussion of the design 
criteria and results of the design of a broad-band 
spherical antenna used in the TRANSIT satellite 
program. The design parameters and their effect 
on radiation patterns, as well as problems of iso. 
lation and matching when the antenna is used for 
multifrequency operation, are investigated. 


Communications 
Communication Efficienc Comparison of 
Several Communication ystems. Appendix 


I—Comparison of Descrete and Continuous Sys- 
tems. Appendix II—Maximum Likelihood De. 
tector Orthogonal System Error Rates. R. W. 
Sanders. JRE Proc., Apr., 1960, pp. 575-588, 
Comparative discussion of several families of 
communication systems, including AM, FM, 
FM/FM, and orthogonal matched filter com. 
munication systems. It is found that the ortho- 
gonal systems approach closely the theoretical 
limit established by Shannon’s channel capacity 
theorem. 


Touch Tuning. Collins Signal, No. 2, 1960, 
pp. 19, 20. Discussion of tests on simple mock- 
ups examining the control and remote indicator 
parameters in order to provide an optimum man- 
machine relationship. The restrictions imposed 
-by a full pressure suit are considered and the 
equipment improvements are presented. 


Long-Distance Communication; Possible Use 
of Earth Satellites. R. J. Hitchcock. Wireless 
World, Apr., 1960, pp. 161-163. Discussion of 
the saturation problem of the radio-frequency 
spectrum naturally suitable for telecommunica- 
tion. New communication systems, employing 
extra-terrestrial relay points, are considered as to 
their relative advantages and disadvantages. 


A Pragmatic Approach to Space Communica- 
tion. G.E. Mueller. JRE Proc., Apr., 1960, pp. 
557-566. Discussion of two representative telem- 
etry systems, the FM/PM analog Microlock 
system and the digital Telebit system, examining F 
the basic limitations on modulation efficiency and 
present state-of-the-art practices in transmitter 
design, solar cell power sources, and receiver and 
antenna design. 


Space Communications Requirements of the 
Department of Defense. J. O. Spriggs. JRE 
Proc., Apr., 1960, pp. 600-602. Presentation of 
the military requirements for systems utilizing 
either passive or active relay objects. 


Maximum Utilization of Narrow-Band Data 
Links for Interplanetary Communications. W. 
F. Sampson. JRE Proc., Apr., 1960, pp. 589- 
593. Discussion of the problems of reducing re- 
dundancy, identification of signal and noise, and 
system optimization. 


The Telemetry and Communication Problem 
of Re-Entrant Space Vehicles. E. F. Dirsa 
IRE Proc., Apr., 1960, pp. 703-713. 41 refs 
Review of the problems associated with propaga 
tion of electromagnetic telemetry and communica 
tion signals through the densely ionized regio0 
(plasma) generated by, and surrounding, a hy 
personic space vehicle re-entering the earth's 
atmosphere. The nature and extent of the 
plasma-radio wave interference are explained it | 
terms of classical treatments, limitations of the 
simple classical models are pointed out, and 
methods for overcoming the deleterious influences 
of the plasma are presented. 


Extra-Terrestrial Radio Tracking and Com- 
munication. M. H. Brockman, H. R. Buchanan, 
R. L. Choate, and L. R. Malling. JRE Prov. 
Apr., 1960, pp. 643-654. 11 refs. Army © 
sponsored presentation of the design principle: — 
and future improvements of the TRAC(E) sys 
tem, including a description of the equipment and | 
actual performance data taken during Pionee! 
IV lunar mission. 


Interference and Channel Allocation Problems 
Associated with Orbiting Satellite Communic 
tion Relays. F.E. Bond, C. R. Cahn, and H.F 7 
Meyer. (IRE-PGCS 5th Natl. Commun. Sym 
posium, Utica, Oct. 7, 1959.) IRE Proc., Apt. 
1960, pp. 608-612. i 4 


Construction Techniques 


Distributed-Parameter Networks for Mict 
miniaturization. C. Holm. Elec. M/fg., Apt © 
1960, pp. 92-96. Basic analysis of simple net © 
works, using sandwiched layers of conductits | 
dielectric, and resistive films brought out to te © 
minals to provide flat-film distributed elements 
Characteristic advantages and limitations #* 
presented. 
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Microminiaturizing a Space Vehicle Computer. 
Edward Keonjian. Electronics, Apr. 29, 1960, 
pp. 95-98. Presentation of the two-dimensional 
approach to the design and fabrication of micro- 
miniaturized digital computers. 


Cooling 


Thermal Application of Catalytic Chemical 
Kinetic Theory. A. R. Saltzman. Aero/Space 
Engrg., June, 1960, pp. 28-31, 37. Review of the 
general basic theory of chemical kinetics with 
emphasis on its possible application for cool- 
ing components of avionic equipment, such as 
packed bed regenerators. 


Evaporative Cooling. W. H. Drexel. Sperry 
Eng. Rev., Apr. 19, 1960, pp. 36-43. Discussion 
of the application of fluorochemicals to the cooling 
of a typical airborne power supply. Basic heat 
transfer mechanics are given, and the special 
techniques of fluorochemical cooling are discussed. 


Radiative Cooling of Satellite-Borne Electronic 
Components. J. R. Jenness, Jr. JRE Proc., 
Apr., 1960, pp. 641-643. Discussion of the basic 
principles of radiative cooling of electronic com- 
ponents and subassemblies in a satellite. Esti- 
mates of the lowest temperatures attainable in a 
satellite by completely passive means are in- 
cluded. 


Electronic Tubes 


Special Issue: What’s New in Electron Tubes. 
Electronics, Apr. 29, 1960, pp. 55-90. Partial 
Contents: Receiving Type Tubes, M. B. Knight. 
High-Vacuum Power Tubes, D. D. Meacham. 
Gas-Filled Tubes, H. C. Steiner. Linear-Beam 
Microwave Tubes, R. Learned. Crossed- 
Field Microwave Tubes, W.C. Brown. Cathode- 
Ray Tubes, R. K. Gessford, Sr., W. A. Dickinson, 
and J. H. Loughlin. Storage, Counting and 
Phototubes, A. S. Kramer. 


Magnetic Devices 


Superconducting Electromagnets. 
Autler. Rev. Sci. Instr., Apr., 1960, pp. 369-373. 
14 refs. USAF-Army-Navy-supported discus- 
sion of solenoids capable of producing up to 4,300 
gauss in large volumes and of iron-core super- 
conducting magnets producing up to 14 kilogauss. 


Measurement & Testing 


Simple Null-Indicating Saturable-Core Magne- 
tometer for the Detection of Static Magnetic Fields. 
E. P. McCurley and C. Blake. Rev. Sci. Instr., 
Apr., 1960, pp. 440-443. USAF-Army-Navy 
supported description of a simple null-indicating- 
saturable-core magnetometer designed as a com- 
pletely self-contained unit requiring no associated 
equipment other than VTVM (vacuum-tube 
voltmeter) or oscilloscope for monitoring the out- 
put. 


Networks, Filters 


Synthesis of Linear Parametrical Two-Terminal 
Networks RC and RL. J. Kudrewicz. Acad. 
Pol. Sci. Bul., Tech. Sci. Ser., No. 12, 1959, pp. 
689-696. Analysis assuming zero initial condi- 
tions and considering the synthesis of the two- 
terminal networks in three cases: if (a) the im- 
pedance operator Z, (b) the admittance Y, or (c) 
the differential equation Au = Bi are imposed. 


Noise, Interference 


Signal-to-Noise Considerations for a Space 
Telemetry System. R.W. Rochelle. JRE Proc., 
Apr., 1960, pp. 691-693. Presentation of a 
signal-to-noise comparison between the pulse- 
frequency channels and the pulse-width channels 
for the FM/PDM-AM telemétry system, showing 
that the pulse-frequency channels have either a 
higher signal-to-noise ratio or greater information 
rate capability than the pulse-width channels. 


Extraterrestrial Noise as a Factor in Space 
Communications. A. G. Smith. JRE Proc., 
Apr., 1960, pp. 593-599. 22 refs. Study of the 
various cosmic and solar system radio sources, 
considering their intensities, spectral distribu- 
tions, and temporal characteristics. The most 
severe forms of interference occur in the long- 
wavelength regions of the r-f spectrum, so that 
future space communications probably will de- 
pend on the perfection of low-noise microwave 
systems. 


Oscillaters, Signal Generaters 


‘ Ammonia Maser Oscillator; Construction and 

Performance. A. M. J. Mitchell, K. G. Roots, 

Electronic Tech., Apr., 1960, pp. 
-143. 


Power Supplies 


A Circuit for the Protection of a Stabilized 
Transistor Power Supply. H. Kemhadjian and 
a Electronic Eng., Apr., 1960, pp. 
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Publications abstracted may be borrowed from the IAS Library. In 
making inquiry, please mention the month of Aero/Space Engineering 
in which the abstract appeared. This will facilitate servicing of requests. 


Machine Design of Miniature Pulse Trans- 
formers. David Wildfeuer. ARMA _ Engz., 
Feb.-Mar., 1960, pp. 12-21. Discussion of the 
programing of pulse transformers, covering vari- 
ous design considerations, applications to com- 
munication instrumentation and automatic com- 
puting machines, and typical examples. 


Rectifier Modulators. D. P. Howson. Elec- 
tronic Tech., Apr., 1960, pp. 158-162. Presenta- 
tion of a method for simplifying the general set of 
equations obtained for a particular modulator. 
The resultant set of equations can be solved by 
successive approximations. The process. is 
applied to two illustrative examples, the results 
are compared with the exact known values, and 
the significance of the discrepancies is discussed. 


Self-Excited Transistor DC-AC Converter 
Design. Reuben Wasserman. Electronic Des., 
Apr. 13, 1960, pp. 78-81. Presentation of a 
simplified method, using several nomographs, for 
the design of transistor d.c.-d.c. and d.c.-a.c. 
converters. 


Fuel Cells. H. A. Liebhafsky and L. W. Nied- 
rach. Franklin Inst. J., Apr., 1960, pp. 257-267. 
17 refs. Presentation of the requirements which 
have to be met by fuel cells. Representative fuel 
cells for special applications and the ion-exchange 
membrane cell are discussed. 


Fuel Cells. A.M. Moos. Ind. & Eng. Chem., 
Apr., 1960, pp. 291, 292. Discussion of the types 
of fuel cells and evaluation of their characteristics 
useful for military and commercial application. 
Requirements for a fuel cell for commercial use 
are studied. 


Solar Batteries. A. F. Daniel. JRE Proc., 
Apr., 1960, pp. 636-641. 17 refs. Discussion 
and efficiency comparison of those energy con- 
version devices which employ static methods for 
direct conversion of solar energy to electrical en- 
ergy. The application of these devices in the 
satellite field and the various methods of mount- 
ing solar cells are also investigated. 


Radar 


A Solid-State UHF Radar Transponder. 
Lincoln Cartledge and G. B. Tiffany. Astronau- 
tics, May, 1960, pp. 30, 31, 114,115. Discussion 
of the development and the design of a trans- 
ponder which, when used with the Millstone radar, 
combines light-weight and low-power require- 
ments with the ability to provide real time track- 
ing and orbit determination at very long ranges. 


“BMEWS’’ Guards Against Sneak Attack. 
Electronic Ind., Apr., 1960, pp. 98-100. Brief 
description of the organization and equipment of 
the Ballistic Missile Early Warning System. 
The system will automatically compare the tra- 
jectory of suspected missiles with that of known 
satellites, meteor trails, and other atmospheric 
phenomena to assure accurate identification. 


Reliability 
What Designers Should Know About Missile 
Components. Lawrence. Electronics, 


H. ‘ 
Apr. 29, 1960, pp. 102-105. Discussion of the 
various vibration and shock effects of the missile 
dynamic environment. 


Semiconductors 


Transistors for High Reliability. C. H. 
Zierdt, Jr. Elec. Mfg., Apr., 1960, pp. 166-172. 
Discussion covering the nature of failure patterns 
of transistors, reduction possibilities of failure 
rates, and factors in the cost of confidence. 


Telemetry 


An Air to Ground Telemetry and Data Reduc- 
tion System. W.R. M. McLellan. Can. Aero. 
J., Apr., 1960, pp. 126-132. Discussion of a 
system concept for processing and reducing tele- 
metered data which practically eliminates time- 
consuming data reduction man-hours. 


Telemetry Bandwidth Compression Using 
Airborne Spectrum Analyzers. A. G. Ratz. 
IRE Proc., Apr., 1960, pp. 694-702. Discussion 
of problems associated with first extracting the 
spectral density plot of HF random signals and 
then presenting this to the telemeter. Design 
formulas are derived showing the interrelation- 
ship between the parameters of the random signal 
and the characteristics of the telemetry. 


Space Telemetry Systems. W. E. Williams, 
Jr. IRE Proc., Apr., 1960, pp. 685-690. 14 
tefs. Discussion of the different types of infor- 
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mation to be transmitted back to receiving stations 
on the earth from satellites and space probes, and 
study and performance investigation of the te 
lemetry systems (FM/FM, FM/AM, and PCM/ 
PM) which have been used in various experi- 
ments of this type. 


Interplanetary Telemetering. R. H. Dimond, 
IRE Proc., Apr., 1960, pp. 679-685. 13 refs. 
Discussion of problems associated with inter- 
planetary telemetry and presentation of an ap. 
proach to the selection of system operating pa- 
rameters. Information efficiency and physical 
system efficiency are investigated, and the per- 
formance of a typical interplanetary system js 
studied to exemplify the importance of a number 
of the operating parameters which affect system 
performance. 


Transmission Lines 


Elliptic Waveguide Windows; Design of Res- 
onant Types. R. V. Harrowell. Electronic 
Tech., Apr., 1960, pp. 163-166. Presentation of 
an empirical approach to the problem of designing 
elliptic resonant windows for rectangular wave 
guides. Resonant frequencies are predicted with 
a maximum error of about four per cent. 


Some Properties of Travelling-Wave Reso- 
nance. J. R. G. Twisleton. (IEE Paper 3031 
E.) IEE Proc., Pt. B, Mar., 1960, pp. 108-118. 
Description of traveling wave resonance in a 
wave guide ring fed through a directional coupler. 
A resonance theory is developed which describes 
the behavior of waves in the ring and the reflec- 
tion and transmission in the feeder in the neigh- 
borhood of resonance. A method for investigat- 
ing the ring resonance is described, and experi- 
mental results are given for the case of equal ring- 
wave propagation coefficients, which substantiate 
the theory. 


Some Comments on the Classification of 
Waveguide Modes. A. E. Karbowiak. (JEE 
Paper 3132 E.) IEE Proc., Pt. B, Mar., 1960, 
pp. 85-90. 12 refs. 


Wave Theory 


Applications of Doppler Measurements to 
Problems in Relativity, Space Probe Tracking, 
and Geodesy. R. . Newton. JRE Proc, 
Apr., 1960, pp. 754-758. Navy-supported dis- 
cussion of (a) the precision with which the Dopp- 
ler shift in the signal received from a space vehicle 
can be measured, and (b) the applications of 
Doppler methods to measuring the gravitational 
red-shift, to tracking space probes and measuring 
certain astronomical constants, and to geodesy, 
making use of the precision of atomic standards. 


Measurement of the Doppler Shift of Radio 
Transmissions from Satellites. G. C. Weiffen- 
bach. JRE Proc., Apr., 1960, pp. 750-754. 
Navy-supported description of a receiving station 
network that was designed to produce Doppler 
data for use in a satellite Doppler navigation 
system. The study includes current and future 
improvements and some experimental results 
obtained with the present system. 


The Satellite Ionization Phenomenon. J. D. 
Kraus, R. C. Higgy, and W. R. Crone. IRE 
Proc., Apr., 1960, pp. 672-678. Army-supported 
presentation of a number of observations which 
show a_ close correlation between continuous- 
wave-reflected HF signals and passes of artificial 
earth satellites. 


Ionospheric Scintillations of Satellite Signals. 
H. P. Hutchinson and P. R. Arendt. JRE Proc. 
Apr., 1960, pp. 670, 671. Investigation of the 
scintillation of satellite-emitted radio signals us- 
ing the Doppler-shift frequency measurement 
technique. 


Propagation and Communications Problems in 
Space. J. , ogelman. JRE Proc., Apt. 
1960, pp. 567-569. Discussion of the require- 
ments of communication systems capable of 
transferring data between parties on the Moon, 
Venus, Mars, and Earth, including the case of 
communications between vehicles in_ space. 
Consideration is given to Doppler shift, Faraday 
rotation, tracking and stabilization of antennas, 
ground network requirements, signal acquisition, 
and antenna orientation. 

Propagation-Doppler Effects in Space Com- 
munications. F. J. Tischer. IRE Proc., Apt. 
1960, pp. 570-574. Application of the field 
theory to derive a generalized form of the Doppler 
equation, which permits consideration of the 
effect of propagation phenomena on the Doppler 
shift under space flight conditions. 

The Propagation of High-Frequency Radio 
Waves to Long Distances. F. Kift. (JEE Paper 
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3156 E.) IEE Proc., Pt. B, Mar., 1960, pp. 127- 
140. 17 refs. Presentation of the solution for 
the parabolic-layer transmission equation of 
Appleton and Beynon for a wide range of its main 
meters. A method of applying the equation 
to any long distance circuit, in which the suc- 
cessive hop lengths of each transmitted ray are 
justed to accord with ionospheric variations 
along the path, is described. 


Sulla Misura delle Distorsioni Lineari e non 
Lineari delle Onde Modulate in Ampiezza. Ugo 
Tiberio. (L’Elettrotecnica, No. 2, 1958, pp. 1-4.) 
U. Pisa Fac. Eng. Paper 842, 1958. 4 pp. Re- 

int. In Italian. Presentation of two methods 
Fe calculating the linear and nonlinear distortion 
of amplitude-modulated waves in the ionosphere. 


Equipment 


Electric 

Switch, Rotary, 3-Pole, 8-Position Hermeti- 
cally Sealed. L.G. Brodrick, D. E. Givan, L. P. 
Sweany, and Leonard Tulauskas. USAF WADC 
TR 59-623, Jan., 1960. 116 pp. 133 refs. 


Hydraulic & Pneumatic 


Some Notes on Aircraft Hydraulic Systems. 
J. W._Nooman. Canada, NRC ME/NAE 
Quart. Bul. No. 4, Oct. 1-Dec. 31, 1959, pp. 1-11. 
Survey of hydraulic and pneumatic technology 
reducing the system to its basic elements, review- 
ing the applications in the past and present, and 
considering the logical paths for future applica- 
tions and development. 


High Temperature Pneumatic Actuators. W. 
J. Koerner. SAE Natl. Aero. Meeting, Los 
Angeles, Oct. 5-9,, 1959, Preprint 107U. 10 pp. 
Discussion of the ability of pneumatic actuation 
systems to operate at extreme temperatures. 
Stabilization techniques and methods of coping 
with low bulk modulus are presented, and actua- 
tion by means of various types of pneumatic 
motors at elevated temperatures is discussed. 


Fuels & Lubricants 


CFR Coker Rates Jet Fuel Therma! Stability. 
. D. Rogers, Jr. (SAE Natl. Aero. Meeting, 

s Angeles, Oct. 5-9, 1959, Preprint 103T.) 
SAE Mar., 1960, 60-63. Abridged. 
Presentation of fuel thermal stability as an im- 
portant safety and performance factor. The re- 
search techniques employed to determine the 
threshold temperatures at which the deposit- 
forming reactions may occur in fuels are discussed. 


F-R Fluids and Aircraft Pumps. R. W. Jef- 
ferey. Appl. Hydraulics & Pneumatics, Apr., 
1960, pp. 116, 118. Discussion of endurance 
tests performed on a variable displacement pump 
using a phosphate ester fluid or a silicon fluid. 
Some comparative features of the two fluids are 
pointed out. 


High Temperature Evaluation Procedures for 
Lubricants. I—Design Development and In- 
strumentation of a 1000°F Oxidation Corrosion 
Bath and 400°F and 700°F Viscosity Baths. V. 
A. Lauer and D. C. Trop. USAF WADC TN 
59-160, Pt. I, Aug., 1959. 15 pp. 


Der Wundertreibstoff. Gerhard Siegmund. 
Flug-Revue, Nov., 1959, pp. 14-16, 36. In 
man. Evaluation of the available data on the 
type of propellant used in the Soviet moon rocket. 
Included are properties of various fuel combina- 
tions and the performance achieved. 


Thermal Decomposition of Liquid Phase n- 
Propyl Nitrate and Its Compatibility with Various 
Metals and Other Additives. 
J.B. Levy. ARS J., Mar., 1960, pp. 280, 281. 


Cryogenic Propellant Storage for Round Trips 
to Mars and Venus. G. R. Smolak and R. H. 
Knoll. (JAS 28th Annual Meeting, New York, 
Jan. 25-27, 1960, Paper 60-23.) Aero/Space 
Engrg., June, 1960, pp. 42-46. Study of sources 
of cryogenic propellant heating and methods for 
minimizing resultant vaporization losses. 


New Method for Studying Polymerization of 
Solid Propellants and Propellant Binders. R. 
W. Warfield. ARS J., Apr., 1960, pp. 427, 428. 

‘ussion of how resistivity measurements may 
be used to study polymerization, and description 
of the types of data which may be obtained. 


Design Method for Spherical Grains. H. M. 
Segal. ARS J., Apr., 1960, pp. 370, 371. Pre- 
sentation of a simplified method for obtaining the 
burning area of a spherically shaped grain. With 


this information, the thrust-time curve can be 
plotted. 


Thermally Induced Bond Stresses in Case- 

mded Propellant Grains. E. E. Ungar and B. 
W. Shaffer. ARS J., Apr., 1960, pp. 366-368. 

avy-sponsored derivation of expressions for the 
Stresses induced by radial temperature gradients 
i assemblies consisting of cylindrical propellant 
Stains which are bonded to thin-walled casings. 
It is shown that, under otherwise identical condi- 
tions, the bond stress in a very long assembly al- 
ways exceeds that in a very short assembly, 


A. B. Amster and. 


Testing Inertia-Sensitive Devices. V. F. De- 
Vost and G. Stathopoulos. Mach. Des., Mar. 31, 
1960, pp. 130-137. Discussion of the theory and 
techniques used in shock testing and evaluation of 
inertia-sensitive devices. A new laboratory tester, 
developed to provide greater precision in deter- 
mining the shock response of highly sensitive in- 
ertia devices, is presented. 


Das elektrische Variometer. Erwin Borg- 
schulze. Flug-Revue, Nov., 1959, pp. 30, 32. 
In German. Description of the design and opera- 
tion of an electric variometer and presentation of 
some practical results. 


Der Kleinst-Funkkompass RC232. P. Brail- 
lard. Luftfahrttechnik, Nov. 15, 1959, pp. 375- 
379. In German. Description of the miniature 
radio compass RC232 covering its design, opera- 
tion, and performance as compared to other 
types. 


Flight Instruments 


A Pilot Looks at the Sperry Visual Flight Direc- 
tor. Sperry Rev., Winter, 1959-1960, pp. 7-9. 


Convair 880 Flight Director & Autopilot Sys- 
tems. Smith. Convair Traveler, Mar., 
1960, pp. 3-11. Discussion of the operational 
details and instrument displays of the “880” 
Model 22-1 flight director system and the Bendix 
PB-20 autopilot. 


Pressure Measuring Devices 


The Influence of Hole Dimensions on Static 
Pressure Measurements. R. Shaw. J. Fluid 
Mech., Apr., 1960, pp. 550-564. Investigation of 
the error in static pressure measurement in in- 
compressible turbulent flow. 


High Pressure Manometer. H. H. Reamer 
and B. H. Sage. Rev. Sci. Instr., Mar., 1960, pp. 
337-341. Discussion of a manometer measuring 
differential pressures involving a total head of as 
much as 1 atm with a precision of 0.002 in. Hg. 
The application of the instrument is limited to 
fluids which do not react with mercury. 


Free-Flight Experiments on the Measurement 
of Free-Stream Static Pressure at Transonic 
Speeds with Particular Reference to the MK. 9 
Pitot-Static Head. C. Kell. Gt. Brit., ARC CP 
475 (Dec., 1958) 1960. 9 pp. 


Recording Equipment 


How Environment Affects Magnetic Recording 
Tape. C. B. Stanley. JRE Trans., SET Ser., 
Mar., 1960, pp. 19-24. 11 refs. Discussion of 
the materials being used to manufacture magnetic 
tape, covering the effects of temperature and 
humidity. 

Project Mercury Tape Recorder. G. W. 
Boyer. Astronautics, May, 1960, pp. 44, 52, 54. 
Discussion of the materials chosen for a tape re- 
corder designed to operate at high temperatures 
in a pure oxygen atmosphere without polluting it. 


Stress & Strain Measuring Devices 


Selecting and Using Bonded Wire Strain 
Gages. N. C. Parrish. Electronic Ind., Apr., 
1960, pp. 88-91. Discussion of the design, cali- 
bration, operational considerations, and applica- 
tion possibilities of the bonded wire straing age 
used as the experimental measurement instru- 
mentation in dynamic tests. 


Temperature Measuring Devices 


Development of a Special Thermocouple for 
Measuring Transient Temperatures Within a 
Solid Body. J. D. Clem, Jr. Rev. Sci. Instr., 
Mar., 1960, pp. 334-336. Army-sponsored dis- 
cussion of a thermoplug designed to measure 
transient temperatures at relatively large dis- 
tances within the walls of uncooled rocket nozzles 
and to cause a minimum disturbance of the tem- 
perature field, 


Thermocouple Current Indicators. M. V. 
Kane. Instruments & Control Systems, Apr., 
1960, pp. 608, 609. Discussion of the use of the 
a.c.-d.c. transfer instrument and of the selection 
of a millivoltmeter and external thermo-element. 


Laws & Regulations 


The Power of Los Angeles County to Regulate 
Aircraft Noise—Opinion of the County Counsel. 

. W. Kennedy. J. Air Law & Commerce, 
Autumn, 1959, pp. 353-358. 

Death Resulting from Air Crashes at Sea—A 
Survey of the Law. E.L.Cohn. J. Air Law& 
Commerce, Autumn, 1959, pp. 344-352. 


Lighter-Than-Air 


Proposed Experiments on the Behaviour of Kite 
Balloons. Appendix—Similarity Criteria for 
Model Stiffness. H. L. Waters. Gt. Brit., 
"yard TN Mech. Eng. 306, Dec., 1959. 13 pp. 

Tels. 
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UNITED 
TECHNOLOGY 
CORPORATION 


UTC, a subsidiary of United 
Aircraft Corporation, is carrying 
out research and development in 
the fields of solid and liquid pro- 
pellants, rockets, and advanced 
propulsion systems. 


Construction of two multi-mil- 
lion dollar permanent facilities to 
implement the objectives of the 
corporation now is underway in the 
prime living area of the San Fran- 
cisco Peninsula. 


During the coming months, the 
company will be adding to its tech- 
nical staff. Opportunities are avail- 
able now for: 


PRELIMINARY DESIGN ENGINEERS 


Analysis of both ballistic mis- 
siles and advanced space ve- 
hicles from control, guidance, 
and performance viewpoint, 
stressing propulsion system 
applications. Desire 2 to 8 
years of related experience. 


PROPULSION ENGINEERS 
Analysis and preliminary de- 
sign of new types of propul- 
sion systems. Approximately 
10 years related work experi- 
ence required. 


PROJECT & DEVELOPMENT 
ENGINEERS 


Plans and schedules solid 
rocket project work. Develops 
solid rocket hardware or com- 
ponents. 3 to 5 years experi- 
ence required. 


For complete information, please write or 
send resume to Jerry Franks, Dept. 1-D 


UNITED 
TECHNOLOGY 
CORPORATION 


A subsidiary of United Aircraft Corporation 


P.O. Box 358 Sunnyvale, Calif. 
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Machine Elements 
Bearings 

The Effects of GE81406 and D. T. D. 585 
Hydraulic Fluids on the Life of Heavily Loaded 
Roller Bearings. R. W. Belland E. J. R. Wheeler 


Gt. Brit., RAE TN Mech. Eng. 308, Dec., 1959. 
13 pp. 


Dynamic Stability Aspects of Cylindrical 
Journal Bearings Using Compressible and Incom- 
pressible Fluids. B. Sternlicht, H. Poritsky, 
and E. Arwas. G-E Gen. Eng. Lab. GL-316A, 
1959. 104 pp. 16 refs. 


Dynamic Stability of Gas-Lubricated Bearings. 
V. N. Constantinescu. (Stud. Cerc. Mec. Aplic., 
oy 1959.) Rev. Méc. Appl., No. 4, 1959, pp. 


Journal Bearings. I—TInfluence of Viscosity 
Variation. N. Tipei and Al. Nica. (Stud. Cerc. 
Mec. Aplic., No. 3, 1959, pp. 737-754.) Rev. 
Méc. Appl., No. 4, 1959, pp. 609-625. 


Gears & Cams 


The Dynamic Loading of Spur Gear Teeth. 
J. H. Dunmore. Coll. of Aeronautics, Cranfield, 
Rep. 122, Oct., 1959. 67 pp. 


Rotating Discs & Shafts 


Torsion of an Elliptical Shaft with Diametrically 
Opposite Flat Sides. M. M. Stanisi¢ and B. A. 
Sherwood. J. Aero/Space Sci., June, 1960, pp. 
462,463. Application of the Galerkin method to 
obtain solutions for the torsional stress and tor- 
sional stiffness of elliptical shafts. 


Die tordierte, einfach gerkriimmte Welle mit 
konstanter Kriimmung. W. Roth. Ing.-Arch. 
No. 5, 1959, pp. 326-351. In German. Study of 
the elastic properties of twisted, simply curved 
shafts with constant curvature. 


Maintenance 


A Systems Approach to the Support of Jet 
Aircraft. C. J. Breitwieser. SAE Nail. Aero. 
Meeting, Los Angeles, Oct. 5-9, 1959, Preprint 
109V. 19 pp. Discussion of the principles of a 
systems approach for application to the problems 
of maintenance and ground movement of aircraft 
ranging in size from fighters to heavy bombers. 


A Trial of the Determination of Major Struc- 
yp Inspection Period. Yogo Tani. Japan Soc. 

Aero. & Space Sci. J., Mar., 1960, pp. 7-10. 
In Japanese, with summary ‘in English. Pre- 
sentation of a statistical method to determine the 
inspection time based on fail-safe test results, the 
load spectrum, fatigue tests on the components, 
and the critical incident rate. 


Materials 


Ceramics & Ceramals 


Determination of Spectral Emissivity of Ce- 
ramic Bodies J Elevated Temperatures. G. R. 
Blair. (Am. Ceram. Soc. 61st Annual Meeting, 
Chicago, May 20, 1959.) Am. Ceram. Soc. J., 
Apr., 1960, pp. 197-203. 20 refs. Presentation 
of a simple method using induction heating for 
obtaining the spectral, or total, emissivity of a 
ceramic material up to its melting point. Spec- 
tral emissivity data are included for several alu- 
mina bodies and for three rare-earth oxides. 


High Temperature 


Refractory Materials. I—Technology and 
Low-Temperature Behavior. R. I. Jaffee and 
D. J. payeeee. Aero/Space Engrg., June, 1960, 
pp. 22-27, 48. Discussion of the general tech- 
nology of refractory materials—i.e., their avail- 
ability, methods of extraction, consolidation to 
primary shapes, and fabrication to secondary 
shapes and end items. 


Metals & Alloys 


O Viazkosti Zhidkikh Metallov. A.M. Korol’- 
kov. AN SSSR Otd. Tekh. Nauk Izv. Metall. i 
Toplivo, Sept.-Oct., 1959, pp. 123-126. 17 refs. 
In Russian. Presentation of results of tests made 
to determine the viscosity of various metals and 
the relationship between their kinetic viscosity 
and other physical properties. 


The Rare-Earth Metals. A. R. Gardner. 
Prod. Eng., Apr. 25, 1960, pp. 39-43. Discus- 
sion of the applications and of the magnetic, 
physical, and nuclear properties of rare-earth 
metals. 


The Effects of Inelastic Action on the Resist- 
ance to Various Types of Loads of Ductile 
Members Made from Various Classes of Metals. 
XII—Eccentrically-Loaded Tension Members 
and Columns Made of 17-7PH Stainless and Ti 
155A Titanium Alloy and Tested at Various 
Temperatures. Q. M. Sidebottom, S. Dhar- 


WADC TR 56-330, Pt. XII, Feb., 1960. 74 pp. 
11 refs. 


Crack Propagation in Sheet Material—Some 
Conclusions Deduced from a Combination of 
pon | and Experiment. Appendix—Effect of 
Local Increase of Radial Pressure on Local Hoop 
Tension. D. Williams. Gt. Brit., ARC CP 
oa” 1959) 1960. 29 pp. BIS, New York, 


The Lower Critical Stress for Delayed Failure. 
Appendix I—Determination of Stress Concentra- 
tion Factors (Ky). Appendix II—Determina- 
tion of the Sum of the Three Principal Stresses. 
E. A. Steigerwald, F. W. Schaller, and A. R. 
Troiano. USAF’ WADC TR 59- 445, Aug., 
1959. 30 pp. 21 refs. Quantitative investiga- 
tion of the lower critical stress—i.e., the minimum 
stress necessary to produce the critical amount of 
hydrogen segregation required for crack initiation. 
The observed changes in the lower critical stress 
as a function of notch acuity, yield strength, 
temperature, and initial hydrogen content are 
explained for a range of these variables. 


Hydrogen Embrittlement in Terms of Modern 
Theory of Fracture. P. A. Blanchard and A. R. 
Troiano. USAF WADC TR 59-444, Aug., 1959. 
26 pp. 18 refs. Tentative application of Cot- 
trell’s theory of brittle fracture to hydrogen em- 
brittlement. The influence of the composition of 
nickel base alloys on their susceptibility to hydro- 
gen embrittlement is discussed. 


The Geometry of Surface Cracks. P. G. 
Morgan. Appl. Sci. Res., Sect. A, No. 2-3, 1960, 
pp. 148-152. Study of the geometry of ‘cracks 
occurring in the form of irregular honeycombs or 
polygon patterns. The general form of such pat- 
terns is explained by the application of the princi- 
ple of least work. 


Fabricating Advances Made with High Tem- 
perature Metals. A.V. Levy and S. E. Bramer. 
J., Apr., 1960, pp. 62-64. Abridged. Pre- 
sentation of the new alloying techniques, welding 
methods, and fasteners developed to facilitate the 
fabrication of columbium, molybdenum, tan- 
talum, and tungsten. 


Non-Metallic Dispersions in Cobalt and its 
Alloys. I—Dispersions in Pure Cobalt. Rudolf 
Palme. Cobalt, Mar., 1960, pp. 15-22. 11 refs. 
Presentation of results of tests investigating the 
effect of various additions to cobalt. The in- 
fluence of various sintering conditions on the 
behavior of cobalt is also examined. 


Pe and Cobalt Alloys in Powder Metallurgy. 

F. R. Morral. Cobalt, Mar., 1960, pp. 23-29. 
33 refs. Discussion of the properties, under vari- 
ous conditions, and the microstructure of cobalt 
and cobalt alloys fabricated by powder metallurgy. 
New developments in cobalt powder metallurgy 
are presented. 


Thermal Diffusivity of Iron. I—A Generator 
for Producing Temperatures. 
Flieger, Jr., and D. C. Ginnings. USAF WADC 
TR 59-276, Pt. I, Dec., 1959. 8 pp. 


Stainless Steels for Aircraft and Missiles. 
A. M. Hall. Battelle Tech. Rev., Apr., 1960, pp. 
9-14. Discussion of the properties of high- 
strength stainless steels, covering problems which 
their use involves and processes and techniques im- 
proving transverse ductility and toughness 
characteristics, resistance toward tearing, and 
uniformity of properties from heat to heat. 
Improved methods for joining, heat-treating, and 
welding are also suggested. 


Osobennosti Plasticheskoi Deformatsii Tekh- 
nicheskogo Zheleza. B. . Kasatkin. AN 
SSSR Otd. Tekh. Nauk Izv. Metall. i Toplivo, 
Sept.-Oct., 1959, pp. 59-69. 18 refs. In Rus- 
sian. Study of the plastic deformation in iron 
specimens subjected to torsion. 


Metals & Alloys, Nonferrous 


Vliianie Kholodnoi Deformatsii na Svoistva 
Splavov Sistemy Al- — v Iskusstvenno So- 
starennom Sostoianii. . E. Drits, L. L. Rokhlin, 
and Z. A. AN SSSR Otd. Tekh. 
Nauk Izv. Metall. i Toplivo, Sept.-Oct., 1959, pp. 
132-135. In Russian. Study to determine the 
effect of cold deformation on the. properties of 
artificially aged alloys of the Al-Mg:Si system. 

Viiianie Aliuminiia na Modul’ Normal’noi 
Uprugosti Titanovykh Splavov pri Povyshennykh 
Temperaturakh. V.S. Mikheev and S. G. Fedo- 
tov. AN SSSR Otd. Tekh. Nauk Izv. Metall. ¢ 
Toplivo, Sept.-Oct., 1959, pp. 141, 142. In 
Russian. Determination of the effect of alu- 
minum on the modulus of natural elasticity in 
titanium alloys subjected to elevated tempera- 
tures. 

Development and Evaluation of Structural 
Beryllium. C. J. Giemza. USAF WADC TR 
59-349, Apr., 1959. 60 pp. 30refs. Investiga- 
tion covering the definition of requirements for 
structural beryllium sheet; development of a 
fabrication process to meet the requirements of 
airframe application; and evaluation of fabrica- 
tion parameters, mechanical properties, and struc- 
tural characteristics. 

Problems in the Use of Beryllium in Aeronauti- 
cal Engineering. R. Syre. (VATO AGARD 
Structures & Materials Panel, Paris, Apr., 
1959.) Gt. Brit.. MA TIL/T5103, Dec., 1959. 


marajan, J. L. Gubser, and J. D. Leasure. USAF 12 pp. Translation. Study of the difficulties in 
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the industrial application of beryllium Covering 
the characteristics of this metal—brittleness 
toxicity—the manufacture and production prob. 
lems arising from these characteristics, and the 
economical considerations in the use of beryllium, 
namely, its scarcity and cost. 


Titan als Wekstoff fiir den Flugzeug- ung 
Flugkérperbau. H. van Kann. Flugkérper, 
Mar., 1959, pp. 25-29. 39 refs. In German, 
Survey of the properties of titanium and its ap- 
plication to aircraft and missile construction. 


Nonmetallic Materials 


Low-Temperature Strengths of Metal Adhe. 
sives. Tech. News Bul., Mar., 1960, pp. 41, 42 
Presentation of the results of tests investigating 
the low-temperature strengths of the various 
adhesive types, mainly epoxy-phenolics, now 
available for structural purposes. 


Elastic Properties of Artificial Graphite. R, 


Arnold. (ZAP, No. 5, 1959, pp. 179- e~ | 
= Brit., RAE Lib. Transl. 880, Feb., 
10 pp. 


Glass-Phenolic-Resin Laminates. G. Dix. 
mier. (Assoc. Tech. Maritime & Aéro. Bul., No, 
57, 1958, pp. 541-566.) Gt. Brit., RAE Lib. 
Transl. 859, Nov., 1959. 21 pp. Discussion of 
the production of glass-phenolic-resin laminates, 
covering a study of the role played by the resins 
in a plastic reinforced with glass fibers, informa- 
tion on the preparation and composition of the 
phenolic resins, the technique of molding lami. 
nates, and results of mechanical tests and some 
thermal properties, 


The Use of Diphenylpicrylhydrazy] in the Pro- 
duction of ‘‘Permanently Undercured’’ Poly. 
ester/Glass Fibre Laminates. B. A. Blythe, M. 
M. Cornford, and W. W. Wright. Gt. Brit, 
RAE TN Chem. 1362, Dec., 1959. 18 pp. 


The Permanent Loss of Tensile Strength of 
Glass Reinforced Epoxide Resin Laminates 
Under Extreme Ageing Conditions. N. C. W. 
Judd, T. Lloyd, P. McMullen, and E. W. Rus- 
sell. Gt. Brit., RAE TN Chem. 1356, Nov., 1959. 


42 pp. 

Structural Design of Plastics. I—Mechanical 
Properties. —Design Methods. E. Baer, 
J. R. Knox, T. J. Linton, and R. E. Maier. SPE 


J., Apr., 1960, pp. 396-406. Presentation of the 
principles for structural design of plastics. The 
properties frequently used by the designer are 
studied, discussing the low strain region and the 
yield point of the stress-strain curve together with 
their practical significance. Methods for using 
these mechanical properties and concepts are 
recommended. 


Untersuchungen iiber die Verwendungsmig- 
lichkeit von Kunststoffen beim Bau von Trag- 
flachen fiir Segelflugzeuge. A. Puck. (OSTIV 
7th Congr., Leseno, Poland, June, 1958.) Schwei- 
ser Aero-Rev., Jan., 1960, pp. 56-60. In German. 
Investigation Of the use of plastics in the construc- 
tion of glider wings. 


Dynamic Mechanical Properties of Rubber- 
Like Materials with Reference to the Isolation of 
Mechanical Vibration. J. C. Snowdon. Noise 
Control, Mar.-Apr., 1960, pp. 18-23. Navy- 
sponsored research. 


Testing Methods 


The Representation of the Properties of Work- 
ing Materials on Log ¥ Log Graphs. W. Schmidt. 
(Die Technik, No. 7, 1959, pp. 458-463.) Gt. 
Brit., RAE Lib. Transl. 878, Feb., 1960. 13 pp. 


The Use of the Electron Microscope for the 
Direct Examination of Thin Foils of Metals and 


Alloys. C. Beauvais. (Métaux, Nos. 406; 
407/8, 1959, pp. 247-257; 291-301. ) Gt. Brit. 
RAE Lib. Transl. 854, Nov., 1959. 24 pp. 


Investigation of Methods for Determining 
Actual Flaw Size in — by Non-Destructive 
Ultrasonic Techniques. G. J. Posakony and M. 
R. Loetz. USAF WADC TR 59-302, Dec, 
1959. 57 pp. 


Mathematics 


Differential Equations 


Numerical Solution of Partial Differential 
Equations by Boundary Contraction. W. 
Milnes and R. B. Potts. Quart. Appl. Math., 
Apr., 1960, pp. 1-13. Presentation of a finite 
difference technique for the solution of boundary 
value problems which is based on the selection of 
an implicit difference scheme involving relations 
among only a limited number of the unknowns at 
atime. The conditions of stability of the process 
are investigated, and criteria are derived for stars 
appropriate to various classes of partial differen- 
tial equations. Applications of the theory, to 
problems of both hyperbolic and elliptic type are 
discussed. 


Functions & Operators 


Tables of Values of the Modified Mathieu 
Comp. 


Functions. E. T. Kirkpatrick. Math. 


Apr., 1960, pp. 118-129. 
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New Powder Metallurgy Products Broaden Aluminum’s Defense Applications 


THE TRADITIONAL advantages 
of aluminum—at temperatures up 
to around 500°F—can now be ex- 
tended to temperatures hundreds 
of degrees higher than conventional 
aluminum can take. 


THANKS TO Alcoa’s pioneering 
with the metallurgical technique 
known as “dispersion hardening,” 
solid aluminum products reformed 
from powdered aluminum by heat 
and pressure take on new qualities. 
They are fine-grained, hard, tough, 
sapphire-like in brilliance, and 


amazingly resistant to heat effects. 


ALUMINUM POWDER metallurgy 
products—‘‘APMP” for short— 
are available in a family of four 
alloys. They are usually extruded 
into forms which can subsequently 
be further extruded, rolled, forged, 
drawn or impacted by conventional 
metal-working methods. Where 
you need the properties of alumi- 
num, but where temperatures seem 
“too high” for conventional alu- 
minum products, chances are that 
one of these four alloys may solve 


For exciting drama watch 
“Alcoa Presents’ every 


a host of hectic problems. 


THE SUCCESSFUL development 
of these new APM alloys suggests 
what can happen when Alcoa re- 
search is applied to defense proj- 
ects. We always stand ready to take 
on Research and Development as- 
signments of a similar nature. For 
more information on APM alloys 
or Alcoa’s R&D capabilities, write: 
Aluminum Company of America, 
2025-J Alcoa Building, Pittsburgh 
19, Pa. 


Warcoa atuminum 


Tuesday, ABC-TV, and 
“Alcoa Theatre”’ alternate 
Mondays, NBC-TV 
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ALUMINUM COMPANY OF AMERICA 
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Matrices 
A Problem in Abelian Groups, with Application 
to the Transposition of a Matrix on an Electronic 


Computer. Gordon Pall and Esther Seiden. 
Math. Comp., Apr., 1960, pp. 189-192. 


Numerical Analysis 


On the Utility of Newton’s Method for Com- 
puting Complex Roots of Equations. I. M. Long- 
man. Math. Comp., Apr., 1960, pp. 187, 188. 


The Rational Approximation of Functions Which 
Are Formally Defined by a Power Series Expan- 
sion. P. Wynn. Math. Comp., Apr., 1960, pp. 
147-186. 22 refs. 


A Necessary and Sufficient Condition for 
Stability of Partial Difference Equation Problems. 

. E.'Esch. Assoc. Comp. Mach. J., Apr., 1960, 
pp. 163-175. Presentation of a simpler condition 
which is both necessary and sufficient and which 
includes Richtmyers’ conditions as special cases. 
The Jordan canonical matrix decomposition is 
used to develop this condition, and the heat flow 
in a bar is discussed as a simple example of the 
general problem. 


Physical Applications 

Effects of Large Time Lags on Stability of Dy- 
namical Systems. Liu Ying-Ching. Sci. Rec. 
(Peking), Feb., 1960, pp. 83-87. Investigation of 
the equivalence problem for large time lags show- 
ing that the equivalence exists in the case of insta- 
bility and conditional equivalence in that of sta- 
bility. 

Unconditional Stability of Systems with Time 
Lags. Chin Yuan-Shun and Liu Ying-Ching. 
Sct. Rec. (Peking), Feb., 1960, pp. 79-82. 
Analysis reducing the problem of unconditional 
stability to that of roots of algebraic equations. 


Relation Between the Impulse Response of the 
Parametric System and the Theory of Differential 
Equations. P. Szulkin. Acad. Pol. Sci. Bul., 
Tech. Sci. Ser., No. 1, 1960, pp. 15-21. 


Wave Refraction at an Interface. C.M. Ablow. 
Quart. Appl. Math., Apr., 1960, pp. 15-29. 10 
refs. Analysis using Riemann’s solution of the 
appropriate hyperbolic partial differential equa- 
tion to derive four equations giving the details of 
the reflected and refracted wave motions. 


On the Propagation of Round-Off Errors in the 
Numerical Integration of the Heat Equation. 
1 Lowan. Math. Comp., Apr., 1960, pp. 139- 


Topology 


Theory of Harmonic Functions in Classical 
Domains. L.K. Hua and K. H. Look. Scientia 
Sinica, Oct., 1959, pp. 1031-1094. 16refs. Pres- 
entation of a theory of harmonic functions for 
some classical domains, and application to a con- 
vergence theorem in the theory of representations 
and to the distribution of a unitary group. 


Periodic Orbits on Two Manifolds. B. L. 
Reinhart. RIAS TR 60-2 (AFOSR TN 59- 
1282), Jan., 1960. 7 pp. Derivation of the 
necessary conditions for a curve to be a periodic 
orbit. It is shown that a certain class of vector 
fields always admits a periodic orbit. 


Algebraic Topology and Networks. Bérje 
Langefors. SAABTN 43, July 1, 1959. 37 pp. 
16 refs. Presentation of the elements of algebraic 
topology by means of examples from built-up 
systems of the simplest kind—e.g., electric net- 
works. 


Mechanics 


Dynamic Response of Large Complex Systems. 
M. D. Mesarovié. Franklin Inst. J., Apr., 1960, 
pp. 274-298. 12 refs. Presentation of a theory 
for study of large ordered systems and discussion 
of some of the results obtained. Systems are 
analyzed where matter as well as energy can be 
exchanged with environment, and also where the 
system is of a nonphysical kind. 


Sulla Determinazione del Momento di Inerzia e 
delle Perdite nelle Macchine Rotanti. Mario 
Mancianti and Giovanni Salardi. (L’Energia 
Elettrica, Fasc. 6, 1958, pp. 1-8.) U. Pisa Fac. 
Eng. Paper 857, 1958. S8pp. Reprint. In Ital- 
ian. Development of an experimental method 
for determining the moment of inertia and the 
losses in rotating machines. 


Some Properties of the Admittances of Dy- 
namical Chains. W.J. Duncan. Aero. Quart., 
Feb., Pt. I, 1960, pp. 99-103. Calculation of the 
simple relations among the coefficients appearing 
in the admittances of dynamical chains, consider- 
ing the initial motions which follow the applica- 
tion of certain impulses. 


Iterative Solution of the N-Body Problem for 
Real Time. L.M. Rauch. ARS J., Mar., 1960, 
pp. 284-286. 


A Method of Transforming Concentrated Sur- 
face Forces Into Continuous Surface Forces. 
William Zuk and M. A. Majeed. J. Aero/Space 
Sct., June, 1960, pp. 478-480. Application of the 
Cauchy curve for concentrated forces to yield 
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ATTENTION IAS MEMBERS! 


In accordance with plans reported 
in the June issue of Aero/Space 
Engineering, the October, and first, 
issue of IAS News (prepared in news- 
letter format) will be published and 
mailed to the Institute’s more than 
16,000 graded members on Sept. 15 
and on the 15th of each succeeding 
month. 

Plans to increase the technical 
article content of Aero/Space En- 
gineering will take effect with the 
October issue, which will continue to 
be published and mailed on the first 
of each month to IAS members plus 
several thousand other subscribers. 

This year’s IAS Roster Issue of 
A/SE will appear next month. 


closed-form solutions for problems in applied 
mechanics. 


The Thomas Precession. Henry Zatzkis. 
Franklin Inst. J., Apr., 1960, pp. 268-273. Deri- 
vation of the equation for the Thomas precession, 
using simple matrix calculation. 


The Law of Energy Distribution of a Radiating 
System of x Surfaces and the Mean Visibility 
Relations of Plane Closed Systems. Cz. Bura- 
ezewski. Acad. Pol. Sci. Bul., Tech. Sci. Ser., No. 
1, 1960, pp. 29-39. 


Sloshing of Liquids in Cylindrical Tanks of 
Elliptic Cross Section. Wen-Hwa Chu. ARS 
J., Apr., 1960, pp. 360-363. 13 refs. Army- 
sponsored application of potential theory to de- 
termine the forces and moments acting on the 
tank for the case of translational and rotational 
excitation along or about the major and minor 
axes of the cross section. Expressions for the 
resonant frequencies are found in terms of the 
roots of the derivatives of modified Mathieu 
functions. The lowest few resonant frequency 
parameters are compared with those of a circular 
cylinder having the same cross-sectional area. 


Meteorology 


The Coding of Clouds—A New Approach. M. 
A. Alaka. WMO Bul., Apr., 1960, pp. 105-109. 
Presentation of a proposed code describing cloudi- 
ness not in terms of individual clouds or cloud 
patches, or layers, but in terms of the general 
appearance of the sky asa whole. The principles 
followed in evolving the whole sky code are given 
together with the basic cloud codes presently in 
use. 


Construction and Calibration Details of the 
Thermal-Transducer-Type Net Radiometer. L. 
oo AMS Bul., Apr., 1960, pp. 180- 


Atmospheric Structure & Physics 


On the Theory of Disturbances in a Condi- 
tionally Unstable Atmosphere. D. K. Lilly. 
Mo. Weather Rev., Jan., 1960, pp. 1-17. 
Development of a perturbation model for study- 
ing the small-amplitude moist convective dis- 
turbances of scales ranging from those of squall 
lines to tropical cyclones. 


A Correlation Analysis of the Relationship Be- 
tween Weather Variables and Atmospheric 
Radioactivity. J. A. Davis, L. C. Logie, E. M. 
Robinson, and B. S. Heathington. USAF SAM 
Rep. 60-35, Feb., 1960. 7 pp. 


Some Radar Observations of Tropospheric 
Cellular Convection. R.E. Newell. MIT Dept. 
Meteorology WRR Res. Rep. 33 (AFCRC TN 60- 
205), Nov., 1959. 53 pp. 66 refs. Study of 
small-scale cellular convection and its role in the 
vertical transport processes. The dimensions of 
cellular convectional motions are obtained from a 
range-height display of 3-cm. radar together with 
estimates of the frequency of cellular versus non- 
cellular echoes 


Numerical Analysis of the Energetical Structure 
of the Atmosphere Over the Northern Hemi- 
sphere. S. Kubota. Papers in Meteorology & 
Geophys., Sept., 1959, pp. 1-33. 17 refs. Cal- 
culation of the spectral distributions of kinetic 
energy, momentum transfer, and the behavior of 
energy transformations between the available po- 
tential and kinetic energy, using a modified two- 
layer model with the simplified parametric w- 
equation. 
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Missile, Rocket, & Space Technology 


The NASA Space Sciences Program. [RE 
Proc., Apr., 1960, pp. 438-450. Discussion of 
NASA objectives in space research and the imme- 
diate and long-range plans for carrying out the 
program. These objectives are divided into 
several broad areas: atmospheres, ionospheres, 
energetic particles, electric and magnetic fields, 
gravitational fields, astronomy, and biosciences, 
Included is a review of present knowledge and 
existing problems in each of these areas. 


Il Centro di Studio di Fisica dello Spazio, 
Massimo Cimino. (AJR Ist Natl. Congr. 
Genoa, Oct. 5-12, 1959.) Missili, Dec., 1959, pp, 
39-41. In Italian. Description of the establish- 
ment of a Space-Physics Research Center, in- 
cluding details of the research program compris- 
ing solar physics, radioastronomy, and artificial 
satellites; ionosphere and space physics; and 
motion and physical behavior of bodies in the 
ionosphere and interplanetary space. 


Recenti Progressi nello Studio e nella Tecnica 
dei Razzi Intercontinentali e dei Satelliti Arti- 
ficiali. Dino Dini. (U. Pisa Fac. Eng. Inst. 
Mash. & Tech., 1958.) U. Pisa Fac. Eng. Paper 
831, 1958. 66 pp. 382 refs. Reprint. In 
Italian. Survey of the progress achieved in the 
research on intercontinental missiles and artificial 
earth satellites. Included are such aspects as 
thermodynamics and heat transfer, aerodynamics, 
combustion and fuels, control systems, and 
launching. 


Entwicklungstendenzen von zukiinftigen Tri- 
ger-Flugkérpern. Oscar Scholze. Flugkérper, 
Mar., 1959, pp. 21-24. In German. Brief 
discussion of the development trends of future 
carrier missiles, including structural factors, 
launching, and range. 


Researches in Electronic Miniaturization, 
Magnetohydrodynamics Can Have Impact on 
Our Success in Space Flight. G. H. Stoner. 
SAE J., Apr., 1960, pp. 29, 30. Abridged. 


Orientamento della Cibernetica di Involo e 
Recupero di Missili Commerciali. Silvio De 
Francesco. (AIR Ist Natl. Congr., Genoa, Oct. 
5-12, 1959.) Missili, Dec., 1959, pp. 21-26. In 
Italian. Discussion of take-off cybernetics and 
recovery of commercial missiles, covering the 
choice of a guidance system, with respect to the 
propulsive and final phases, the advantages of a 
unified bilateral service achieved by triangulation 
from the earth, and the handling of kinematic 
data. 


Das Prinzip der dynamischen Kontrabarie. 
II, III. Burkhard Heim. Flugkérper, Aug.; 
Sept., 1959, pp. 164-166; 219-221. In German. 
Analysis of the principle of dynamic contrabarism 
and its technical possibilities. A comparison is 
made with the principle of rocket propulsion, and 
the feasibility of a space vehicle operating on the 
principle of dynamic contrabarism within any 
given atmosphere or hydrosphere is indicated. 

I—Missili Guidati. II—I Missili Guidati 
Tedeschi. P. Cool. Missili, Oct.; Dec., 1959, 
pp. 52-55; 87-90. In _ Italian. Survey of 
guided missiles and related technical problems 
covering the types of missiles; principal com- 
ponents; propulsion systems; as well as guid- 
ance, control, and stabilization systems. Also 
presented is a brief description of the German V1 
and V2 rockets along with tables providing the 
classification of missiles according to components, 
type, and guidance system 


Soviet Missiles. III—Cruise Missiles, Ram- 
jets, and Hybrid Rockets. A. J. Zaehringer. 
Missile Des. & Devel., Apr., 1960, pp. 29, 30. 


A Recoverable Interplanetary Space Probe. 
M. B. Trageser. Astronautics, May, 1960, pp. 
32-35, 116, 118-120. Discussion of the pre- 
liminary design for a photographic reconnais- 
sance of Mars or Venus by a refined probe which 
would guide itself close to the planet, train a 
camera on it and take one picture, and then, having 
passed the planet, make a return trip to Earth, 
where it would re-enter and be recovered. The 
problems of orbit, basic requirements, naviga- 
tional requirements and features, general design, 
and power supply are studied 


An Alternate to the Gimbaled Thrust-Chamber. 
W. J. D. Escher. Missile Des. & Devel., Aprt., 
1960, pp. 17, 19, 20, 22, 48-51. Description of a 
liquid-propellant rocket engine employing several 
fixed, differentially throttled thrust-chambers for 
effecting space vehicle three-axis attitude control. 


Lateral Speed Indicator. R.L.Sohn. ARSJ., 
Apr., 1960, pp. 425-427. Description of a lateral 
speed sensor that can measure the transverse, oF 
drift speed of an object with respect to the sur- 
face of a satellite or planet as the object approaches 
the body from a remote distance. 


An Instrument for Measuring Liquid Level and 
Slosh in the Tanks of a Liquid-Propellant Rocket. 
L. B. Wilner, W. L. Morrison, and A. E. Brown. 
IRE Proc., Apr., 1960, pp. 786-788. USAF 
supported description of a measuring system for 
monitoring dynamic level variations in red fuming 
nitric acid. 

The Hydrogen Quartector—A New Phase 
Detector for Exotic Liquid-Gas Systems. R. L. 
Blanchard and A. E. Sherburne. JRE Proc., 
Apr., 1960, pp. 779-786. 


Discussion of a reliable 
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and highly discriminating method for distin- 
guishing between liquid and gaseous phases of 
fluids. Conditions of splashing and a wet sensor 
in gas are easily distinguished from the in-liquid 
conditions. The components and the technique 
are compatible with a wide variety of fluids in- 
cluding cryogenic propellants. 


Television Cameras for Space Exploration. 
M. H. Mesner and J. R. Staniszewski. Astronau- 
tics, May, 1960, pp. 36, 37, 126-130. Discussion 
of the varied uses of a miniature TV camera in 
space. Special requirements and improvements 
in design achieved, as well as the efficiency of 
such an improved camera, are studied. 


Telebit—An Integrated Space Navigation and 
Communication System. G. E. Mueller. Astro- 
nautics, May, 1960, pp. 26, 27, 88-96 (ff.). Dis- 
cussion of the requirements for, and the principles 
underlying, a system which integrates tracking, 
command, and telemetry functions. The general 
design, factors limiting type and quantity of 
information and ground reception, accuracies 
obtainable by the navigation system, and test 
results are included. 


Thermal Control of the Explorer Satellites. 
Gerhard Heller. (ARS Semi-Annual Meeting, 
San Diego, June 8-11, 1959.) ARS J., Apr., 
1960, pp. 344-352. Discussion of the theoretical 
studies made prior to launching, presentation of 
the measured results of telemetered temperatures, 
and evaluation of the obtained data. 


Recent Advances in Space Solar Observatory 
Instrumentation. W. A. Rense. (ARS Semt- 
Annual Meeting, San Diego, June 8-11, 1959.) 
ARS J., Apr., 1960, pp. 313-322. 39 refs. Dis- 
cussion of the instrumentation of a possible space 
solar observatory and of the engineering and 
scientific problems behind the functioning of such 
an observatory. Emphasis is placed on optical 
devices for the study of solar electromagnetic 
radiation from the X-ray region of the solar spec- 
trum through the ultraviolet, visible, and in- 
frared. 


Transistorized Motor Speed Controls for Satel- 
lite Tape Recorders. M. B. Pickover. E 
Proc., Apr., 1960, pp. 725-728. Discussion of 
the problems arising in the design of an a.c. 
transistorized power supply for low-power syn- 
chronous motors used in satellite recorders. A 
current design for a specific satellite application 
is treated, the design of the overall system is 
presented, and alternate methods are stated. A 
transistorized d.c. motor control used in Signal 
Corps tape recorder, and the relative advantages 
and disadvantages of the d.c. motor and a.c. 
synchronous motor in the low-power output 
range, are also presented. 


High-Speed Electrometers of Rocket and 
Satellite Experiments. J. Praglin and W. A. 
Nichols. JRE Proc., Apr., 1960, pp. 771-779. 
USAF-Navy-supported discussion of the theoret- 
ical and practical considerations in the design of 
current amplifiers, and description of several 
practical circuits designed for the measurement of 
ultraviolet light and soft X-ray radiation from 
the sun and other celestial bodies. 


X-15 Operations: Electronics and the Pilot. 
N. A. Armstrong. Astronautics, May, 1960, pp. 
42, 43, 76,78. Discussion of the instrumentation 
in the X-15 hypersonic aircraft which, in concept, 
is a self-contained data gatherer. Ground-com- 
munication equipment is also studied. 


Radiation Instrumentation Electronics for the 
Pioneers III and IV Space Probes. C. S. Josias. 
TRE Proc., Apr., 1960, pp. 735-743. Discussion 
covering electronics divided into three groups: 
(1) d.c. amplifier for the analog experiment, (2) 
high-voltage circuitry for the detectors, and (3) 
digital circuitry for the radiation-particle count- 
ing experiment. 


Methods for the Control of Interfering Currents 

riginating at the Input of an Electrostatic Flux- 
meter During Its Operation in a Conducting 
Medium. I. M. Imyanitov and Ya. M. Shvarts. 
(Iskusstv. Sputniki Zemli, No. 3, 1959, pp. 73-83.) 
U.S., NASA TT F-16, May, 1960. 10 pp. 
Translation. (Also in ARS J. Suppl., Apr., 
1960, pp. 403-406.) 

Checkout and Countdown of the Larger Space 
Probe Missiles. W. O. Campbell. [RE Proc., 
Apr., 1960, pp. 728-734. Presentation of the 
design of a versatile, highly reliable, centrally 
Programed checkout and countdown set in- 
corporating digital techniques. 

Missile Checkout and Testing—No Place for 
Sloppy Planning. A. O. Dority. SAE J., 
Mar., 1960, pp. 38-40. Abridged. Discussion 
of the need for adequate planning and for inte- 
grated missile system and component testing at 
all levels of testing in the missile logistics pattern. 
Missile ground handling requirements, inspec- 
tion and transportation techniques, and the 
danger of chemical fuel contamination are dis- 


GAM-77 Ground Support Equipment. E. B. 
Price. SAE Natl. Aero. Meeting, Los Angeles, 
Oct. 5-9, Preprint 97T. 10 pp. Description of 
Sround support equipment and discussion of de- 
velopment problems. 

Tracking and Display of Earth Satellites. F.F3 
Slack and A. A. Sandberg. JRE Proc., Apr., 
960, pp. 655-663. Presentation of a new 
method of displaying the predicted paths and real- 


time positions of artificial earth satellites which 
uses two types of map overlays: orthographic 
projection and Mercator projection. A mathe- 
matical derivation of the subsatellite path on the 
orthographic projection is given. 


The Navy’s Portable Satellite Tracking Sta- 
tions. F. M. Ashbrook and D. D. Stevenson. 
IRE Trans., SET Ser., Mar., 1960, pp. 41-45. 
Discussion of the equipment of stations which 
recover Doppler frequencies to an accuracy of one 
part in 10° and subcarrier oscillator frequencies to 
15 ke. bandwidths. 


The Navy Space Surveillance System. R. L. 
Easton and J. J. Fleming. IRE Proc., Apr., 
1960, pp. 663-669. Discussion of a complete 
system for satellite detection and tracking and 
for computations of satellite orbits. In addition 
to the detecting and tracking installation, the 
system includes data transmission lines, a data 
reduction center, a very high speed computer 
for orbit determination and prediction, and dis- 
play devices. 

Refraction Correction Techniques in Earth 
Satellite Optical Tracking for Precision Predic- 
tion. A. D. Wasel. ARS J., Mar., 1960, pp. 
282-284. USAF-supported development of a 


definite integral formula for determining cen- 
tral zenith distances of a satellite orbiting a 
body having appreciable atmosphere. It is 
assumed that a number of satellite intercepts 
providing the right ascension r.a. of the occulted 
star and its declination 5 along with time ¢ are 
available from star background photograph 
readings. 


Precision Tracking with Monopulse Radar. 
- H. Dunn and D. D. Howard. Electronics, 
Apr. 22, 1960, pp. 51-56. 10 refs. Discussion 
of the principles of monopulse operation and com- 
parison of monopulse tracking radar performance 
against typical radars of other types. 


Ballistics, Re-Entry 


Curves for Rapid Determination of Orbital 
Transfer Requirements. P. J. Bonomo. ARS 
J., Apr., 1960, pp. 371, 372, 421. Presentation of 
nondimensional curves which permit the deter- 
mination of minimum energy requirements for 
orbit to orbit transfer in a central force field. 
Four examples are given: transfer from a 1,000- 
mile Earth orbit to an orbit in the vicinity of the 
Moon, successive transfer from a 200-mile Earth 


July 1960 «+ 


Have you ever 
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If you are planning a new product that will require a Special 
Fractional Horsepower motor . . .a Lamb District Engineer will set upa 
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Result: The RIGHT MOTOR produced at the most favorable cost. 
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orbit to a 22,400 mile ‘‘stationary’’ orbit, and 
interplanetary transfer from Earth to Mars and 
from Earth to Venus (Hohmann transfer el- 
lipses). 

Problems of < gee a 4 Navigation and 
Atmospheric Re-Entry. T. Nonweiler. 
RAeS J., Mar., 1960, pp. iss 160. Discussion 
that includes the estimation of heat transfer, 
methods of surface cooling, comparison of long- 
range missiles between ballistic and winged types, 
consideration of recovery from a closed orbit and 
a choice of configuration for such a mission, 
and re-entry from parabolic orbits. 


Applicazione del Calcolo delle Variazioni alla 
Optimalizzazione delle Traiettorie di un Missile. 
II. Piero Carusi and Dante Cunsolo. Missili, 
Oct., 1959, pp. 11-16. In Italian. Applica- 
tion of the calculus of variations to the opti- 
malization of missile trajectories. Previously 
derived results are used to study the case of a 
— in flight at a specific velocity and zero 
thrust 


Contributo Teorico alla Cibernetica dei Mis- 
sili Balistici; Controllo con Riduzione di Velo- 
cita. Silvio De Francesco. Missili, Oct., 1959, 
pp. 5-10. In Italian. Theoretical study ‘of the 
cybernetics of ballistic missiles describing a type 
of control with velocity reduction. 


Anniversary Probes. S. W. Greenwood. The 
Aeroplane & Astronautics, Apr. 1, 1960, p. 409. 
Survey of the orbit and performance require- 
ments for solar or inner planet probes which 
return to earth after one year in orbit. 


Guidance, Control, Stability 


Army’s Sergeant Guided Missile System. 
J. G. Shinkle. Sperryscope, 1st Quart., 1960, 
pp. 12-15. Discussion of the development flight 
test program, the production and training pro- 
gram, the launching station, and the test equip- 
ment for the surface-to-surface, medium range 
ballistic missile system. The system configura- 
tion is also briefly discussed. 


Atlas and Arma Inertial Guidance. ARMA 
Eng., Feb.-Mar., 1960, pp. 4-7. Survey of the 
advantages of inertial guidance, covering the 
description of the airborne system and its de- 
velopment history, as well as reliability, testing, 
and manufacture. 


Attitude Reference Devices for Space Vehicles. 
P. E. Kendall and R. E. Staleup. (JRE Natl. 
Aero. Electronics Conf., Dayton, May 4, 1959.) 
IRE Proc., Apr., 1960, pp. 765-770. Discussion 
of the features of a compact attitude sensing 
device designed to provide a simple means of 
establishing a vertical reference line from an 
orbiting space vehicle to a planet under observa- 
tion. 

An Inertial Guidance System Field Test Pro- 
gram for a Ballistic Missile Weapon System. 

or Slifka. IRE Proc., Apr., 1960, pp. 554- 


A Doppler-Cancellation Technique for Deter- 
mining the Altitude Dependence of Gravitational 
Red Shift in an Earth Satellite. R.S. Badessa, 
R. L. Kent, J. C. Nowell, and C. L. Searle. JRE 
Proc., Apr., 1960, pp. 758-764. llrefs. Discus- 
sion of a ‘method which permits measurement 
of the frequency of a source moving relative to an 
observer without the obscuring effect of first- 
order Doppler shifts. The application of this 
method to a gravitational red-shift experiment 
involving the use of an earth satellite containing 
a highly stable oscillator is described. 


Magnetometer System for Orientation in 
Space. H. E. DeBolt. Electronics, Apr. 
1960, pp. 55-58. Presentation of a method for 
controlling the attitude of a space vehicle by 
lining up one axis of the vehicle in the direction 
of the earth’s magnetic field. An optical-elec- 
tronic system, sensitive to variations in inten- 
sity and direction of magnetic fields, is studied. 


Coriolis Acceleration. J. P. Foster. ARMA 
Eng., Feb.-Mar., 1960, pp. 28-31. Study of the 
physical and mathematical aspects of Coriolis 
acceleration. A practical example is given to 
illustrate the principles involved. 


When Watching Missiles, Remember How 
Coriolis Works. R.H. Parvin. Electronic Ind., 
Apr., 1960, pp. 70-72. Presentation of the rea- 
sons behind the Coriolis effect and discussion 
i the physical phenomena due to this apparent 
orce. 


Spacecraft 


ae Microwaves to Space Problems. 

. Hart. Electronic Ind., Apr., 1960, pp. 78- 

82. yo of such problems as power re- 

quirements, antenna sizes, and quality of the 

focus for the antenna, associated with the use of 

powerful microwaves in space exploration. Pos- 

sible solutions and approximate costs are dis- 

cussed, and a helicopter space platform powered 
by microwave signals is proposed. 


Mass Considerations in ry Supported Solar 
Sails. W. Jahsman. ARS J., Mar., 1960, 

pp. 287, 288. Discussion emphasizing one of the 
problems involved in the use of a ring for sup- 
porting the solar sail—i.e., the contribution of the 
ring mass to the overall system mass. 
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Kiinstliche Erdsatelliten und Raumfahrt. I— 
Die Satellitenbahnen und ihre zeitlichen Ver- 
anderungen. C. W. M. Tilenius. VDI Zeit- 
schrift, Jan. 1, 1960, pp. 1-9. In German. Sur- 
vey of the development in the field of artificial 
earth satellites. Includes details of the trajec- 
tories and their variation in time, the design of 
various satellites and moon probes, the launch- 
ing equipment and methods used, as well as a 
survey of data obtained from these satellites. 


Symmetry of the Earth’s Figure. J. L. Bren- 
ner, R. Fulton, and N. Sherman. ARS J., 
Mar., 1960, pp. 278,279. USAF-supported anal- 
ysis by means of a special numerical integration 
carried out for 900 revolutions to show that the 
oblateness of the earth causes long period changes 
in the shape, size, and inclination of the osculating 
orbit of the Vanguard I satellite (1958 8 II). 


Some Characteristics of the Planar Satellite 
Orbit. J. S. Pistiner. ARS J., Mar., 1960, 
pp. 275-277. Presentation, in simple ‘mathe- 
matical or graphical form, of the important or- 
bital characteristics of satellites in terms of the 
true anomaly. In addition, the concept of a 
simple orbital energy diagram is developed and 
its utility indicated. 

Zeitdilatation und Dopplereffekt bei Erd- 
Satelliten. Oswald Riedel. Weltraumfahrt, Dec., 
1959, pp. 123-126. 18 refs. In German. Study 
of the time dilatation phenomenon in artificial 
earth satellites. Also considered is the Doppler 
effect, and an illustrative example involving 
two satellites is discussed. 


RFI in Satellite Communications Systems. 
O. M. Salati. Electronic Ind., Apr., 1960, pp. 
92-97. 18 refs. Review of proposed space 
communications and discussion of the interfer- 
ence aspects of each part of the system. The 
influence of man-made and celestial radiators on 
system performance is shown, and a prediction 
is made of the improvement to be expected by 
appropriate design of each item. 


Communication Satellites. D. L. Jacoby. 
IRE Proc., Apr., 1960, pp. 602-607. Review of 
communication satellites, covering their his- 
tory and present development, future concepts, 
and the probable impact on global communica- 
tions. The advantages and disadvantages are 
considered for various types of passive and active 
devices, for various orbits, and from the stand- 
point of both military and commercial applica- 
tions. Reliability and important design aspects 
are studied. 

The Use of a Passive Spherical Satellite for 
Communication and Propagation Experiments. 
T. H. Vea, J. B. Day, and R. T. Smith. JRE 
Proc., Apr., 1960, pp. 620-624. Discussion of the 
scattering properties of a metallic sphere whose 
radius is very large with respect to the wave- 
length of the incident radiation. It is shown that 
the sphere’s scattered field pattern is a function 
of the incident radiation’s polarization scheme. 


Passive Satellite Communication. Appendix— 
Doppler Calculations. J. L. Ryerson. JRE 
Proc., Apr., 1960, pp. 613-619. 12refs. Discus- 
sion of the various types of passive satellite 
reflectors and of their characteristics. Passive 
satellite communication systems are compared 
with current tropospheric communication sys- 
tems and are shown to be one-order-of-magnitude 
better. 

Project SCORE. S. P. Brown and G. F. Senn. 
IRE Proc., Apr., 1960, pp. 624-630. Summarized 
review of the overall program of development, 
construction, and operation of the first satellite 
communication system placed in orbit on De- 
cember 18, 1958, as part of Project SCORE. 


Navigation 


Interplanetary Navigation. G. M. Clemence. 
IRE Proc., Apr., 1960, pp. 497-499. Discussion 
of the similarities and differences between inter- 
planetary navigation and navigation on the 
earth. Position-fixing in interplanetary space by 
familiar methods and more suitable techniques 
for close-range approach are studied. 


Le Navigateur Humain Devant le Navigateur 
Automatique. M. Hardouin. (Journées Inter- 
natl., Paris, Apr. 28-30, 1959.) Navigation 
(Paris), Jan., 1960, pp. 12-18. In French. Dis- 
cussion of the basic principles of navigation and 
definition of the present and future role of human 
navigators. 

The Astronautic Chart. R. C. Spencer. 
IRE Proc., Apr., 1960, pp. 528-531. Presentation 
of the alignment chart which is so arranged that a 
single straight line marks off values of the ve- 
locity, mass, mean distance, period, and accelera- 
tion of any two-body orbiting system. 

Navigation Using Signals from High-Altitude 
Satellites. A. B. Moody. JRE Proc., Apr., 
1960, pp. 500-506. Discussion of a possible 
system of three or four satellites serving as 
artificial celestial bodies for celestial navigation 
and having a universal coverage without weather 
limitations. 


Electronic Aids 


Doppler Radar Navaids. Bus./Coml. Av., 
Apr., 1960, pp. 72-89. Tabulation of design 
characteristics, operating factors, and costs for 
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commercially available Doppler radar navaids, 
airborne weather radar, autopilots, and radio 
equipment. 

Doppler Theory and the Sensor. P. G. Wulfs- 
berg. Collins Signal, No. 2, 1960, pp. 9-13. 
Survey of the design, operating principles, dy. 
plexing technique, tracking discriminator, ang 
performance characteristics of the Doppler radar 
navigation system. 

Das_Decca-Navigator-System als Naviga- 
tionshilfe. C. Powell. Luftfahrttechnik, Noy. 
15, 1959, pp. 365-374. 11 refs. In German, 
Survey of the basic principles of Decca naviga- 
tion systems, including details of the Dectra 
method. 

Computing Position and Navigation Situation, 
E. H. Fritze. Collins Signal, No. 2, 1960, pp. 
14, 15, 18. Presentation of the design and 
performance characteristics, including evalua- 
tion of the accuracy of the Collins NC-103 Dop- 
pler Navigation Computer which has been de- 
veloped basically for jet airliner application. 

Flight Automatically Controlled. Sperry 
Winter, 1959-1960, pp. 31-33. Brief descrip- 
tion of the Sperry airborne analog computer 
(Radio Track Guide) suitable for civil and mili- 
tary aircraft, as well as helicopter application, 


Traffic Control 


A Summary of Research Methods, Operator 
Characteristics, and System Design Specifica- 
tions Based on the Study of a Simulated Radar 
Air Traffic Control System. J. S. Kidd. USAF 
ag DC TR 59-236, July, 1959. 29 pp. 25 
rels. 


Nuclear Energy 


Two-Dimensional Diffusion Theory Analysis of 
Reactivity Effects of a Fuel-Plate-Removal Ex- 
periment. Appendix A, B—Diffusion Equa- 
tions and Group Constants Used in Reactivity 
Calculations. E. R. Gotsky, J. P. Cusick, and 
Donald Bogart. U.S., NASA TR R-36, 1959. 
15 pp. Supt. of Doc., Wash., $0.30. 

A Closer Look at the Real Kiwi-A. Nucleon- 
ics, Apr., 1960, p. 96. Brief survey of available 
data on the Kiwi-A nuclear test vehicle. 

Radiation Effects on Electronic Systems. 

H. Levine and W. F. Ekern. Electronics, 
‘Apr. 22, 1960, pp. 69, 70,72. 12refs. Discussion 
of the need for data on response of system com- 
ponents and materials to irradiation, required for 
designing electronic systems for nuclear powered 
aircraft, and presentation of tabulated results 
obtained on 15 communication-type systems. 


Photography 


How Good is the Lunik III Photography? M.E. 
Davies. Astronautics, May, 1960, pp. 28, 29, 
112, 113. Discussion of the available data ob- 
tained by Lunik III, estimating a ground resolu- 
tion of about 30 miles. 


Physics 


Results of an Approximation Method to the Mie 
Theory for Colloidal Spheres. R. Penndorf. 
Avco Res. & Adv. Devel. Div. Sci. Rep. 1, RAD 
TR 59-36 (AFCRC TN 59-608), Sept., 1959. 
42 pp. 11 refs. Presentation of an approxima- 
tion method for computing the total Mie scat- 
tering coefficient K in aerosols using infrared 
light sources. The method is then applied to 14 
refractive indices m between 1.05 and 2.0. 

Space Age Electronic Materials. J. W. But- 
trey. Astronautics, May, 1960, pp. 40, 41, 121- 
126. Discussion of the basic mechanisms of semi- 
conductor behavior and of the applications of 
semiconductor devices. Some of the limitations of 
present materials and devices and _ research 
trends are also studied. 


Maser, Iraser, and Laser. Harold Lyons. 
Astronautics, May, 1960, pp. 38, 39, 100-104. 
Discussion of the quantum-mechanical phenom- 
ena making possible the microwave, infrared, 
and light (optical) amplification by stimulated 
emission of radiation. The masers are discussed 
as two classes—those using atomic or molecular 
beams and those using solids. A discussion of the 
atomic clock is included. 


Ice in Space. D.H.Robey. Brit. Interpl. Soc. 
J., Jan.-Feb., 1960, pp. 205-215. 23 refs. Cal- 
culation of the equilibrium temperatures and 
sublimation rates of various ices (H20, CO 
CHi, NHs) in space as a function of solar dis- 
tance and absorptivity. 


Astrophysics . 


Astronomy for the R. R. 
Newton. JRE Trans., SET Ser., Mar., 1960, 
pp. 1-16. 17 refs. Navy- supported discussion 
of the important terms, coordinate systems, and 
methods of time reckoning which are used by 
astronomers in describing the motion of the solar 
system. 

L’Altra Faccia della Luna; Commento di un 
Astronomo all’Impresa del Lunik II. M. Cimino. 
Missili, Oct., 1959, pp. 19-21. In Italian. Brie 
discussion of the information on the other face 
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Fe Next time you tackle an air regulating problem—actuation, 
a tank pressurization, de-icing, air conditioning, or what 
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om ment, call Janitrol. We got a head start years ago in de- 
a signing valves for combustion equipment, are now making 
irerel, valves in quantity with some of the most advanced pro- 
cused duction equipment in the business. 

ofthe The valve illustrated is a good example of Janitrol’s 
pl. Soc. ability to combine several functions in a single unit (this 
. ms one valve does the work that used to take seven) and thus 
ee bring about important weight savings. 

We are currently working on hot valve problems as well 
: as cryogenics. We also invite inquiries on high perform- 
a ance duct couplings, supports, and heat exchangers. 
mga Janitrol Aircraft, 4200 Surface Road, Columbus 4, Ohio. 
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of the moon available from Lunik II observa- 
tions. 


Geophysics 

A Study of Natural Electromagnetic Phenom- 
ena for Space Navigation. R. G. Franklin and 
D. L. Birx. JRE Proc., Apr., 1960, pp. 532-541. 
10 refs. USAF-supported study of both the 
visible and r-f portions of the spectrum and also of 
the cosmic rays radiated from the sun, the stars, 
and interstellar space, placing emphasis on the 
measurement of velocity in space by the use of the 
Doppler phenomenon. Equipment and methods 
are described and figures for expected accuracy 
are derived. 


Nouvelles de l’Espace. M. Nicolet. (Ciel & 
Terre, Mar.-Apr., 1959, pp. 3-19.) Belgium, 
IRM C53, 1959. 19 pp. Reprint. In French. 
Discussion covering the composition and proper- 
ties of the thermosphere and survey of data avail- 
able from satellite observations. 

Two M.I1.T. Experiments in Space. Tech. 
Rev., May, 1960, pp. 24-26. Discussion of 
scheduled experiments which are intended to 
explore the solar wind and the gamma rays. 
Facts known about both phenomena are sum- 
marized, the Faraday cup and the gamma ray 
telescope are described, and the possible use of the 
new knowledge is considered. 

Cosmic Radiation: The Primary Particles. 
J. G. Wilson. Contemp. Phys., Feb., 1960, pp. 
204-219. Discussion of observations of primary 
cosmic ray particles. It is shown that the solar 
system is situated in an isotropic flow of protons 
and of heavier nuclei, and that the energy of 
these particles varies from small values to values 
so great that their upper limit cannot be defined. 
The supernovae are seen as sources of these cos- 
mic ray emissions. 

Vplyv R§chlosti Vetra na Intenzitu Neutrénovej 
Zloéky Kosmického Ziarenia. Juraj Dubinsky, 
Pavel Chaloupka, and Tadeusz Kowalski. Mate- 
maticko-F yzikdlny Casopis, No. 1, 1960, pp. 57-63. 
In Slovak, with summaries in English and Rus- 
sian. Study of the effect of wind velocity on the 
intensity of neutron component in cosmic rays. 


Power Plants 


A Method for Heat Rejection from Space 
Powerplants. R. C. Weatherston and W. E. 
Smith. ARS J., Mar., 1960, pp. 268, 269. 

Decrease in Weight, Space, and Electrical 
Complexity of F-106 Power Generating System. 
P. M. Corbett and A. K. Walter. SAE J., 
Apr., 1960, pp. 70-72. Abridged. Description 
of a system which uses four generators, one con- 
stant-speed drive, and eight electric systems and 
satisfies the multiple electric power require- 
ments of the F-106 fighter-interceptor aircraft. 

Introduction to Interplanetary Propulsion. 
A. N. Thomas. Remargs, Spring, 1960, pp. 2-5. 
Discussion of the performance potential of dif- 
ferent propulsion devices for interplanetary ex- 
ploration, and presentation of a typical inter- 
planetary mission for low and high thrust- 
weight ratio propulsion systems. 


Experimental Magnetohydrodynamic Power 
Generator. R. J. Rosa. (Avco Everett Res. 
Lab. AMP 42, Jan., 1960.) J. Appl. Phys., 
pp. 735, 736. USAF-supported re- 
search. 


Jet & Turbine 


Brennkammer fiir Kleingasturbinen bei Be- 
trieb mit verschiedenen Brennstoffen. O. Lutz, 
W. Alvermann, and W. Dietze. DFL Inst. 
Strahltriebwerke Bericht No. 84, Sept., 1959. 23 
pp. In German. Study of the performance of 
combustion chambers for small gas turbines oper- 
ating with various fuel types. 


Die Entwicklung der Gasturbine fiir den zivilen 
Luftverkehr. M. . Grensemann. Flugwelt, 
Dec., 1959, pp. 478-480. In German. Survey of 
the development of gas turbines for commercial 
aircraft application. 


Was ist Jet? I, 1]. G. W. Heumann. Flug- 
Revue, Oct.; Nov., 1959, pp. 12-14; 20-22. 
In German. Historical survey of the develop- 
ment of turbojet power plants, afterburners, 
turboprop, pulse-jet, ram-jet power plants, 
and rocket propulsion systems. 


Metod Rascheta Maksimal’noi Temperatury 
Plamennoi Truby Gazoturbinnoi Kamery Sgora- 
niia. E. G. Narezhnyi. AN SSSR _ Otd. 
Tekh. Nauk Izv. Energ. i Avtom., Sept.-Oct., 
1959, pp. 182-185. In Russian. Presentation 
of a method for calculating the heat exchange and 
the maximum temperature in the wall of a gas 
combustion chamber. 


Design Details of Rolls-Royce Conway. R. I. 
Stanfield. Av. Week & Space Tech., May 2, 
1960, pp. 138-140, 143, 145, 147. Presentation 
of the development history, and design and per- 
formance characteristics of the Rolls-Royce 
Conway bypass turbojet, designed to produce a 
low specific fuel consumption, a high power-to- 
weight ratio, and a minimum jet-noise level. 

Versatile J85 Built for Maintainability. R. I. 
Stanfield. Av. Week & Space Tech., Apr. 11, 
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1960, pp. 56, 57, 59, 61-70 (ff.). Presentation of 
design details, performance characteristics, and 
developmental history of the General Electric 
J85 turbojet power plant. 


The Future of Air-Breathing Engines in Avia- 
tion. S. G. Hooker. (1959 James Clayton Lec- 
ture, London, Dec. 16, 1959.) Chartered Mech. 
Engr., May, 1960, pp. 208-223. (Also in Esso 
Air World, Mar.-Apr., 1960, pp. 119-127.) 

Fattori Termodinamici e Fluodinamici della 
Regolazione di Potenza nelle Turbine a Gas e 
Loro Interdipendenza. Lorenzo Poggi. (La 
Termotecnica, July, 1957, pp. 283-288.) U. Pisa 
Fac. Eng. Paper 810, 1958. 7 pp. Reprint. 
In Italian. Survey of thermodynamic and fluid 
dynamic factors involved in the problem of con- 
trolling the power of gas turbines, as well as deter- 
mination of their interdependence. 

The Test Rigs and Facilities at Orenda Engines 
Limited Nobel Test Establishment. R. D. Page. 
Eng. J., Mar., 1960, pp. 51-58. Description of 
the basic facilities at Nobel Village and of the 
various test rigs which permit analysis of individ- 
ual components of gas turbines independently of 
uncontrolled variables. 


Ram-Jet & Pulse-Jet 


Analysis of Operation of Simplest Ramjet 
Combustion Chamber Under Flying Conditions. 
A. V. Talantov. (MVO SSSR VUZ Izv. Av. 
Tekh., Mar.-Apr., 1959, pp. 122-133.) ARS J. 
Suppl., Apr., 1960, pp. 379-385. 13refs. Trans- 
lation. Study considering the influence of flight 
conditions on the required dimensions of the 
combustion chamber using equations that relate 
the principal combustion characteristics with the 
pressure, temperature, mixture composition, and 
flow turbulence. 


Production 
Metalworking 


Chemical Milling. Sam Urshan. Convair 
Traveler, Mar., 1960, pp. 14, 15. Description of 
the chemical milling process in which metal is 
removed by controlled chemical reaction in- 
stead of conventional machining processes. 

Structural 17-4PH Castings Are Strong; But 
Chemistry and Foundry Techniques ust be 
Controlled Closely to Maintain Ductility. W.R. 
Roser and K. E. Kuschell. (SAE Natl. Aero. 
Meeting, Los Angeles, Oct. 5-9, 1959, Preprint 
104V.) SAE J., Mar., 1960, pp. 54, 55. 
Abridged. 

Development of Forming and Joining Tech- 
niques for Corrugated-Sandwich Structure. 
H. Smallen and R. P. Romaine. (AWS 41st 
Annual Meeting, Los Angeles, Apr. 25-29, 1960.) 
Welding J., Apr., 1960, pp. 314-321. Presenta- 
tion of techniques including rolling, manual and 
automatic fusion welding, resistance spot weld- 
ing, and tungsten-arc spot welding. 


Why Form Explosively? A. F. Watts and 
D. C. Harleman. (ASTME 28th Annual Meet- 
ing, Detroit, Apr. 21-28, Paper 291.) Tool Engr., 
Apr., 1960, pp. 109-112. Abridged. Descrip- 
tion of the physical processes in explosive forming. 


Hot-Dimpling. I—Development of Tempera- 
ture-Controlled Technique: Use of Portable 
Equipment. Aircraft Prod., Apr., 1960, pp. 124- 
129. 


Recent Developments in Ultrahigh-Speed Ma- 
chining. R. L. Vaughn and R. T. Krueck. 
(ASTME 28th Annual Meeting, Detroit, Apr. 
21-28, 1960, Paper 255.) Tool Engr., Apr., 
1960, pp. 95-100. Abridged. 


Machining Titanium. Aircraft Prod., Apr., 
1960, pp. 136-144. Study of the influence of tool 
geometry and cutting fluids on the performance of 
face-mills, end-mills, slitting-saws, twist-drills, 
and taps. The conditions and properties are 
evaluated on the basis of using conventional 
cutting tools and standard machines. 


Drilling High-Strength Materials. E. A. 
Brezina, R. L. Johnson, R. G. Kennedy, and 
N.W. Marrotte. (ASTME 28th Annual Meeting, 
Detroit, Apr. 21-28, 1960, Paper 258.) Tool 
Engr., Apr., 1960, pp. 101-104. Abridged. 
Description of a series of tests run to provide a 
general guide for drilling both extremely hard 
materials and thermally resistant materials. 


The Science of Arc Welding (1959 Adams Lec- 
ture). I. C. E. Jackson. Welding J. Res. Suppl., 
Apr., 1960, pp. 129-s-140-s. 20 refs. Discussion 
of the science of arc welding and definition of a 
welding arc, covering tungsten-electrode welding 
arc, volt-ampere characteristics, voltage-arc 
length characteristics, electric-field intensity, 
current density, plasma characteristics (resist- 
ance), properties of tungsten-arc plasma radia- 
tion, configuration of plasma radiation, plasma- 
temperature distribution, effect of inert gases 
other than argon, and energy distribution. 

How to Interpret Fractures in Aluminum Weld 
Metal. W. L. Burch. (AWS 41st Annual 
Meeting, Los Angeles, Apr. 25-29, 1960.) Weld- 
ing J., Apr., 1960, pp. 322-327. Discussion of 
fracture patterns as clues to the cause of failure 
of a welded joint. A ruptured propellant tank 
is used to illustrate the fracture types. On this 
tank, the fracture study led to the conclusion 
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that a very tight welding hot crack was following 
the torch for the first several inches of the seam, 
Corrective measures are discussed. 


Application of Argon-Are 
Fusion Spot-Welding to Aircraft Stainless-Stee| 
—* Aircraft Prod., Apr., 1960, pp. 145- 
148. 


Nonmetalworking 


Plastic Binders Strengthen Rocket Parts, 
E. L. Stone. SAE J., Mar., 1960, pp. 88-99. 
Abridged. Presentation of the properties of 
glass reinforced plastics making them suitable 
for use in rockets. The fabrication equipment 
and procedures, as well as quality control tech. 
niques, are discussed. 


Hercules Increases Motor Test Facilities fo; 
Minuteman. Michael Yaffee. Av. Week 
Space Tech., Apr. 18, 1960, pp. 54, 55, 58, 59, 
61. Description of the process used by Hercules 
Powder Co. in the production of solid propellants 
for rockets. 

Fabrication of Reinforced Ceramic Radome, 
J. B. MacDonald, Jr.,and R. M. Adams. USAF 
WADC TR 59-419, Dec., 1959. 63 pp. Investi- 
gation to determine the best method, compatible 
with the desired geometrical specifications, of 
bonding ceramic plugs in perforated stainless 
steel cylinders. Commercially available ad- 
hesives and resins are examined, and brazing and 
welding techniques are evaluated to determine 
the best method of fulfilling thermal and en- 
vironmental requirements. Difficulties encoun- 
tered in fabricating ceramic cylinders are dis- 
cussed, and details of fabrication of a ‘‘stacked ra- 
dome structure’’ suitable for electrical and rain- 
erosion resistance testing are given. 


Production Engineering 


Putting Electronic Gages to Work. F. W. 
Witzke. Tool Engr., May, 1960, pp. 93-98. _Dis- 
cussion of the varied application possibilities of 
electronic gages in mass production inspection 
and laboratory gaging. 


In-Process Inspection—A Must in Missile 
Machining. W. Calebaugh and E. Scerbo. Tool 
Engr., May, 1960, pp. 109-111. Discussion of the 
positioning and measuring equipment which 
makes it possible to inspect a workpiece while it is 
mounted in position for machining. The ex- 
treme accuracies attainable and the solution of 
machining and inspection problems in the produc- 
tion of a special fixture are presented. 


Inspection of Honeycomb. Aircraft Prod., 
Apr., 1960, pp. 152, 153. Presentation of a new 
nondestructive thermographic process for re- 
vealing defects in metallic-bonded sandwich 
structures. 


Propellers 


Theory of Supersonic-Propeller Aerodynamics. 
D. E. Ordway and R. W. Hale. (Cornell U. 
Grad. Sch. Aero. Eng. AFOSR TN 56-287; TN 
58-335, June, 1956; Feb., 1958.) J. Aero/ 
Space Sci., June, 1960, pp. 437-450, 480. 49 
refs. USAF-sponsored development of an aero- 
dynamic theory for a supersonic propeller with a 
finite number of blades. The lightly loaded 
blades are represented by a surface distribution 
of appropriate ‘‘modified’’ sources similar to 
ordinary supersonic thin-wing theory. These 
sources are found by approximating the exact 
potential for a constant-strength compressible 
source traveling along a helical path. Tip ef- 
fects are considered by extending the theory of 
Evvard and Krasilshchikova. 


Reliability 


An Introduction to the Reliability Concept. 
II, Sect. II—Application of the Reliability Con- 
cept to Mechanical and Electro-Mechanica! De- 
vices. P. Hobley. SLAE J., Feb., 1960, pp. 
5-12. Presentation of methods for the calcula- 
tion of reliability in synchros, potentiometers, 
gear boxes, hydraulic servos, clutches, and sole- 
noids. 


Die Unzuverlassigkeit komplizierter Gerite. 
Robert Lusser. Flugkérper, Aug., 1959, pp. 159- 
164. In German. Discussion of the reliability 
problem of multicomponent devices with paf- 
ticular reference to aircraft and missiles. Statis- 
tical examples are given, and control techniques 
applied to different production stages are out- 
lined. 


Research, Research Facilities 


Electrically Heated Hydrogen Gun. Stevet 
Georgiev. Rev. Sci. Instr., Mar., 1960, p. 349. 
Brief description of an electrically heated hydro- 
gen gun capable of accelerating spherical nylon 
projectiles up to 25,000 ft./sec. 

The Plasma Jet in High Temperature Research. 
Sidney Katz, E. J. Latos, and Elliott Raise. 
Ind. & Eng. Chem., Apr., 1960, pp. 289, 290. 
Discussion of the plasma jet, its characteristics, 
and use in the studies of the chemical and physic@ 
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IAS PAPERS 


National Summer Meeting, Los Angeles, June 28-July 1, 1960* 
IAS Member Price—$0.50, Nonmember Price—$1.00 


Parametric Weight Study of a Manned Space Entry Vehicle—Onys A. Kelley, Jr. 
a preter About an Oblate Planet—Maurice Anthony and G. E. 
osdic 
Determination of Thermal Radiation Incident Upon the Surfaces of an Earth 
Satellite in an Elliptical Orbit—Arthur J. Katz 
Performance and Design Considerations for Maneuvering Space Vehicles— 
L. W. Warzecha 
An Algae Lift Support System—Russel O. Bowman and Fred W. Thomae 
Space Flight Simulators—Design Requirements and Concepts—R. Lowrey 
Allowable Nuclear Reactor Radiations for a Manned Space Station in a 
Cosmic Ray Environment—David Reitz 
in Attitude Stabilization of Large Guided Maissiles—Ernst D. 
eissler 
Some Aspects of Applying Microminiaturized Electronics to an Electro- 
mechanical Control System—T. Mitsutomi 
Optimization of Airfoils for Hypersonic Flight—Coleman duP. Donaldson 
and K. Evan Gray 
Mass-Transfer Cooling in a Turbulent 5 gf Leyer—J. P. Hertnett, 
J. Masson, J. F. Gross, and C. Gaz! 
Studying Hypersonic Flight in the Shock __ Hertzberg and 
arles E. Wittli 
Stagnation Point Heat Transfer Rates at Low Reynolds Numbers—H. Hoshizaki, 
Neice, and K. K. Chan 
V/STOL Cargo Airplane Characteristics—W. C. J 


Garrard 
The Design Implications of 


Creep in Pressurized Cylindrical Shells—ivan 
Rattinger and Joseph Padlo 

The Excitetion to In-Flight Vibration Testing—V. L. 
Beals and S. R. Hurley 

Rocket Motor Case Le ada Evaluation by Pressure Vessel Testing—C. W. 
Haynes and P. J. Valdez 

Critical Analysis of Solid Debris in Space—Fred C. Jonah 

Aerodynamic Effects in Planetary Atmospheres—Zdenek Kopal 

Analysis of Injection Schemes for Obtaining a Twenty-Four Hour Orbit— 
Rudolf F. Hoelker and Robert Silber 


60-76 
60-77 
60-78 
60-79 


60-80 


60-81 
60-82 
60-83 
60-84 


came Considerations for a Lunar Soft Landing—Arnold Peske and George 
weniun 
Selection and Design of Thrust Reversers for Jet Aircraft—John C. Pickerd 
A New Type of Thermal Radiator for Space Vehicles—Roger C. Weatherston 
and William E. Smith 
Forecasting Future Intercity Air Traffic with Consideration of VTOL and 
OL Possibilities —Fred H. Turner and Bjorn J. Elle 
The Design of Modern Pure Jet Transport Aircraft with Rear-Mounted 
a Reviewed from Engineering and Operational Aspects~D. J, 
am 
The Sizeable Seven of Aircraft Systems—R. L. McBrien 
Longitudinal Dynamics of a Lifting Vehicle in Orbital right —Bermerd Etkin 
Manned Re-entry at Super-Satellite Speeds—Robert B. Hildebrand 
A Mathematical Model for Locating Exit Taxiways—R. Horonjeff, R. R. Read, 
G. Ahlborn, and R. C. Grassi 
Development of a Supersonic Ejectable-Nose Escape Capsule—Mell D, 
Cassidy and Phillip J. Sullivan 
Deflection and Stress Patterns in Plate-Type Structures, Theory Versus Test 
Results—Nathaniel J. Hess 
The Dynamics of Large Rotating Membrane-Like Structures—James G. Sim. 
monds 
20 Test of the XLR99-RM-1 Rocket Engine—R. W. 
eaman and D. S. Smit 
Base Flow thedenersl of Missiles with Cluster-Rocket Exhausts—B. H. 
Goethert 
Free Flight Facilities and Aerodynamic Studies at Canadian Armament Re- 
search and Development Establishment—H. F. Waldron, H. M. McMahon, 
and M. Letarte 
Flutter Flight Testing—Recently Developed Techniques in Excitation: and 
Data Reduction—George Grimm and John Philbrick 
Experimental Lift and Drag of a Series of Glide Configurations at Mach 
Numbers 12.4 and 17.5—Richard E. Geiger 


Twenty-Eighth Annual Meeting, New York, January 25-27, 1960° 
IAS Member Price—$0.50, Nonmember Price—$1.00 (Unless Otherwise Indicated) 


Observations of Hail Storms by Means of Airborne Radar—L. J. Battan 

A Basis for the Prediction of Severe Local Thunderstorms—D. C. House 

The \ e+ of Damaging Hail at High Altitudes—H. S. Appleman and 

ehr 

Some Aspects of Non-Equilibrium Flows—R. Sedney 

One-Dimensional Flow of a Gas-Particle System R. Kliegel 

Fluctuating Lift and Drag Acting on a Cylinder in a Flow at Supercritical! 
Reynolds Numbers—Y. C. Fung 

Some Aspects of Prigeas Aluminum Structures for Thermal Environments— 
J. M. Cord and A. B. Burns 

Heat Protection by Ablation—R. M. Wood and R. J. Tasliani 

The Introduction of Creep Into Structural Analysis—C. Riparbelli 

and Improved Structural Efficiency—J. B. Jones and 

Rapid in Sheet Structure—E. J. Zape' 

Static and Fatigue Strength of Metals Subjected to Triexiel Stresses—W. M. 
Lehrer and H. Schwartz’ 

Utilization of the Pilot in the Launch and Injection of a Multistage Orbital 
Vehicle—E. C. Holleman, N. A. Armstrong, and . Andrews 

Development of Lateral-Directional Flying Qualities Criteria - Supersonic 
‘bars poet on a Stationary Flight Simulator Study—R. M. Crone and 

jarra 

Some Observations on Stabilization and Deceleration Devices— 
J. F. Connors and J. C. Li 

Supersonic Boom of ~~ ts Configurations—I. L. Ryhming and Y. A. ed 

Flexural Vibrations of a Rectangular Sandwich Panel—C. C. Chang and B. T 


Fang 

4K Panel Flutter of a Cylindrical Shell of Finite Length—M. Holt and 

. Strac! 

A Review of the Distribution of Wind and Temperature in the Lower Stratos- 
phere—H. A. Pano! 

Inviscid Flow With Non-Equilibrium Molecular for 
canna Encountered in Hypersonic Flight—M. H. Bloom and M. H 

teiger 


Dynamic Absorbers in the Reson oem. of Helicopters—R. R. L 
— and Economics of Recovering Boosters for 
. R. Shipps 
Precadtion Requirements of a Manned Luner Mission—D. E. Serrill and H. J. 
ellan 
Electric Energy Sources and Conversion Techniques for Space Vehicles— 
ilson 


*See page 95 for other IAS publications available. 


60-32 
60-33 


60-34 
60-35 


60-36 
60-39 


60-40 
60-41 


60-44 
60-45 


Dynamic Airloads_ and Aeroelastic Problems at Entry Mach Numbers— 
G. Zartarian, P. T. Hsu, and H. Ashi 

Some Considerations of the ner Leability of Incompressible, Parallel 
Time-Dependent Flows—S. 

Mercury Capsule and Its Flight OY A. Faget and R. O. Piland 

Review, Scope, and Recent Results of Project vingeaed Research and De- 
Program—A. C. Bond d end A.B. K Kehlet 

we Fe the Operational Plans for Mercury Orbital Mission—C. W. 


Peveie Bed Nuclear Reactors for Space Vehicle Propulsion—M. M. Levoy 
and J. J. Newgard 

Satellite Systems for Commercial Communications—J. R. Pierce 

A Generalized Study of Propulsion Systems for VTOL Aircraft—P. W. Pratt, 
C. B. Smith, T. G. set, and B. B. Silverman 

Some Observations on the Dynamic Behavior of Extremely Flexible Rotor 
Blades—R. L. Goldman 

The Effect of an External Supersonic Flow on the Vibration Characteristics of 

Thin Cylindrical Shells—H Voss 

Heat Transfer, Recovery Factor, and Pressure Distributions Around, 
Cylinder Normal to a Supersonic Rarefied-Air Stream—O. K. k and 
W. H. Giedt 

Rocket Grenade Measurements of Temperatures and Winds in the Mesosphere 
Over Churchill, Canada—W. G. Stroud, W. Nordberg, W. R. Bandeen, 

L. Bartman, and P. Titus 

Present, Potential, and Future Requirements for Rotary Wing All-Weather 
Flight—D. B. Bennie 

Geophysical Research Using Artificial Earth Satellites—J. F. Clark 

The Application of Solid Propellant Rocket Motors to Boost Space Vehicles 
—Giulio Panelli 

Preliminary Flight Experiments with the Princeton University Twenty-Foot 

round Effect Machine—W. B. Nixon and T. E. Sweeney 
Electrical Space Propulsion—R. H. Boden 


Thermal Stresses in Missile Nose Cones—A. J. A. Morgan and C. H. 
Christensen (Member Price, $1.00; Nonmember Price, $2.00. 
Life Support Systems for apace Vehicles—R. S. Johnston, A. A. Tamas, W. 8. 
eta B 5 aves and R. A. Bosee (Member Price, $1. 00; Nonmember 
rice, 
Qnd Transport J. Lina, D. J. Maglieri, H. H. 
ard, . Pearson, Jr., Pfeiffer, R. A. Bailey, 
od R. H. Miller (Member Price, $1.50;/ Nonmember Price, 3.00) 
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properties of matter at temperatures of 2,000°C. 
to 50,000°C. It is found that the plasma jet 
makes possible the examination of vaporization 
phenomena under controlled conditions. 


Flow Past Columns of Various Sections in a 
Shallow Straight Water Canal. Ryujiro Fujii. 
Japan Soc. Aero. & Space Sci. J., Feb., 1960, pp. 
1-9. In Japanese, with summary in English. 
Discussion of experiments and presentation of 
photographs showing that all the phenomena 
which appear in a two-dimensional compressive 
air flow—i.e., shock waves, compressive Mach 
waves, expansive Mach waves—also appear on the 
water surface. 


Rocket Sleds, Tracks 


Aerodynamic jumentigntion of Sled Configura- 
tions for the Holloman Track. Rudolf Hermann, 
Frederick Moynihan, and Walter Melnik. USAF 
MDC TR 59-18, June, 1959. 206 pp. 19 refs. 
Discussion of the results of wind-tunnel and 
theoretical investigations of the aerodynamic 
characteristics of supersonic sleds. The wind- 
tunnel investigation consists of lift, drag, and 
pitching moment measurements for families of 
rectangular and circular cross section sleds 
mounted on a simulated Holloman track. The 
theoretical investigation determines sled design 
parameters that would minimize undesirable 
aerodynamic loads due to ground interference. 


Wind Tunnels 


Cornell Wave Superheater. R. C. Weather- 
ston. Shell Av. News, Feb., 1960, pp. 15-18. 
Discussion of the design and the working prin- 
ciples of an experimental tool which simulates 
for approximately full-scale models the extreme 
conditions of hypersonic flight. A comparison 
of the wave superheater with its prototype is 
included. 


Der Hochgeschwindigkeits-Gitterwindkanal 
der Deutschen Forschungsanstalt fiir Luftfahrt 
Braunschweig. N. Scholz and U. Hopkes. 
Forschung Gebiete Ing., Ausg. A, No. 5, 1959, 
pp. 133-147. 13 refs. In German. Description 
of the high-speed cascade wind tunnel of the 
DFL, covering its design, instrumentation, and 
operation, as well as details of some experiments. 


Dutch Transonic Wind Tunnel. The Enzgr., 
Apr. 15, 1960, pp. 661-664. Discussion of the 
design, layout, power house, compressor, the 
various sections, and performance characteris- 
tics of a new high-speed tunnel at Amsterdam 
which has a test section of 2 X 1.6 m., and 
which covers the subsonic and transonic range up 
to Mach 1.3. 


Rotating Wing Aircraft, Helicopters 


Research and Design Progress Toward High 
Performance Rotary Wing Aircraft. P. L. 
Michel. (JAS 28th Annual Meeting, New York, 
Jan. 25-27, 1960, Paper 60-27.) AHS J., Apr., 
1960, pp. 20-30. Survey of the inaccuracies in 
rotor theories and presentation of the advances 
in the development of research tools to deter- 
mine the limit of useful rotor performance. De- 
vices intended to improve helicopter performance 
are evaluated in terms of this knowledge. 

YH-40 Performance Evaluation. D. F. Mac- 

herson, Jr., and W. J. Hodgson. USAF FTC 

R 59-33, Jan., 1960. 99 pp. Presentation of 
results of a flight evaluation of the YH-40 heli- 
copter, its take-off and hovering performance at 
various temperatures, vibration levels and speed, 
range performance, and handling qualities. 

YHO-2HU Air Force Flight Evaluation. K. R. 
Ferrell and R. G. Ferry. USAF FTC TR 60-2, 
Feb., 1960. 111 pp. Discussion of the hovering 
and climb performance, speed capabilities, range, 
flight qualities, and skid gear design of the YHO- 
2HU two place, single rotor helicopter with a 
conventional anti-torque tail rotor, designed for 
observation and liaison purposes. 


A Flying-Qualities Study of a Small Ram-Jet 
Helicopter. A. B. Connor and R. J. Tapscott. 

S., NASA TN D-186, Apr., 1960. 22 pp. 
Presentation of flight-test measurements of the 
handling qualities and stability characteristics 
of a small helicopter with a gross weight of 1,080 
Ibs., equipped with blade-tip-mounted ram-jet 
engines and cyclically controlled by a servocon- 
trol rotor. 


Nomograme Pentru Calculul Pierderilor In- 
terne in Palele Rotorului de Elicopter Antrenat 
Pneumatic. St. Andrei. Stud. Cerc. Mec. Applic., 
No. 3, 1959, pp. 663-6.81 In Rumanian, with 
Summaries in English and Russian. Presenta- 
tion of nomographic charts for determining the 
internal losses in blades of pneumatically driven 
helicopter rotors. 


Development and Tests of Multi-Bladed Semi- 
Rotor Systems. W. L. Cresap. (4th Inter- 
natl. Aero. Congr. on Rotary Wings & Vertical 
Flight, Paris, June 15-19, 1959.) AHS J., Apr., 
1960, pp. 3-12. Development of a rotor system 
for the Bell HU helicopter that displays good 
characteristics with respect to performance, 
controllability, stability, oscillatory load level, 
and fuselage vibrations. 


Normal Component of Induced Velocity for 
Entire Field of a Uniformly Loaded Lifting Rotor 


with Highly Swept Wake as Determined by 
Electromagnetic Analog. Walter Castles, Jr., 
H. L. Durham, Jr., and Jirair Kevorkian. - 
NASA TR R-41, 1959. 23 pp. Supt. of Doc., 
Wash., $0.40. 


The Development and Flight Testing of Heli- 
copters. I, II. G. J. Sarsted and A. V. Coles. 
(Helicopter Assoc. Gt. Brit. Meeting, London, 
Jan. 8, 1960.) RAeS J., Apr., 1960, pp. 211- 
219; Discussion, pp. 220-223. Discussion of the 
ground and flight development phases, based on 
data obtained on the Bristol Type 192, tandem 
rotor helicopter. The relationship between 
these phases in a particular development program 
is shown; the use of major, fully representative 
ground rigs is studied in relation to preflight 
functioning and fatigue life assessment; and the 
initial flight trials, as well as the structural and 
performance clearance of the helicopter over its 
full design envelope, are discussed. 


Structures 
Bars & Rods 


Izognutye Tonkostennye Sterzhni. A. Petre. 
(Stud. Cerc. Mec. Applic., No. 4, 1958.) Rev. 
Méc..Appl., No. 3, 1959, pp. 521-527. In Rus- 
sian. Presentation of a general solution for the 
problem of thin curved bars and definition of 
— governing the stress distribution in such 

ars. 


Beams & Columns 


Sul Problema della Travi con Appoggio Elastico 
Continuo. Carlo Raymondi. (U. Pisa Inst. 
Sct. Construc., Atti, Publ. 57, 1958.) U. Pisa 
Fac. Eng. Paper 824, 1958. 9 pp. Reprint. 
In Italian. Evaluation of an approximate ap- 
proach to the problem of beams on continuous 
elastic supports. 


Sulla Formulazione dei Teoremi Fondamentali 
delle Travi. Carlo Raymondi. (U. Pisa Inst. 
Sct. Construc., Atti, Publ. 56, 1958.) U. Pisa 
Fac. Eng. Paper 823, 1958. 7 pp. Reprint. In 
Italian. Derivation of basic theorems for the 
problem of beams under the effect of various 
forces and moments. 


Connections 


Designing Joints for High-Temperature Creep 
Conditions. Tech. News Bul., Mar., 1960, pp. 
44,45. Presentation of design considerations for 
joints to be used in weight-sensitive structures, 
which reduce the amount of testing required. 


Cylinders & Shells 


Aplicarea Metodei Relaxarii la Calculul In- 
velitorilor Subtiri. M. Mihailescu and : 
Mihailescu. Stud. Cerc. Mec. Applic., No.3, 1959, 
pp. 819-828. In Rumanian, with summaries in 
English and Russian. Application of the relaxa- 
tion method to the calculation of thin shells. 


Rasprostranenii Statiko-Geometricheskoi 
Analogii na Uprugie Tonkie Obolochki s Anizo- 
tropiei Materiala. K. Stenesku and V. Visarion. 
(Stud. Cerc. Mec. Applic., No. 3, 1959, pp. 829- 
836.) Rev. Méc. Appl., No. 4, 1959, pp. 687- 
694. In Russian. Extension of the previously 
developed static-geometric analogy to thin elas- 
tic shells for the case of anisotropic material. 


In Legatura cu Teoria Structurilor Elastice 
Subtiri, Alcatuite din Straturi Ortotrope, Sime- 
tric Dispuse pe Grosime in Raport cu Suprafata 
Mediana. Liviu Librescu. Stud. Cere. Mec. 
Applic., No. 3, 1959, pp. 837-854. 11 refs. In 
Rumanian. Development of the theory of thin 
elastic shells composed of homogeneous ortho- 
tropic layers. The static-geometric analogy is 
established and applied to calculate the state of 
stress in the presence of surface loading and a 
nonuniform temperature field. 


Zur Theorie der Rotationsschalen vom Stand- 
punkt numerischer Rechnungen. E. Klingbeil. 
Ing.-Arch., No. 4, 1959, pp. 242-249. In Ger- 
man. Development of an approach for solving 
the problem of rigid shells of revolution under 
rotationally symmetric loading by means of 
electronic computers. 


Elasticity & Plasticity 


On the Plane Problem of Elasticity in Oblique 
Coordinates. P. P. Teodorescu. Rev. Méc. 
Appl., No. 3, 1959, pp. 497-520. 34 refs. 


Homogeneous Solutions in Elastic Wave Propa- 
gation. J. W. Miles. (Inst. Geophys. 10th Annual 
Conf., Berkeley, Dec. 13, 14, 1957.) Quart. Appl. 
Math., Apr., 1960, pp. 37-59. 18refs. Formula- 
tion of Busemann’s method of conical flows for 
two-dimensional elastic wave propagation, re- 
ducing the equations of motion to either Laplace’s 
equation in two dimensions or the wave equation 
in one dimension. 


Practical Solution of Plastic Deformation Prob- 
lems in Elastic-Plastic Range. Appendix A, B— 
Calculation of Plastic Strains. Appendix C— 
Equations for Thin Circular Shell. Appendix D— 
Plastic Strain Charts. Appendix E—Lo 


ng 
Solid Cylinder. Appendix F—Rotating Disk. 
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Appendix G—Effect of Previous Plastic Strain. 
A. Mendelson and S. S. Manson. U.S., NASA 
TR R-28, 1959. 24 pp. Supt. of Doc., Wash., 
$0.40. Presentation of a method of successive 
approximations which is illustrated by four ex- 
amples, including a flat plate with temperature 
distribution across the width, a thin shell with 
axial temperature distribution, a solid cylinder 
with radial temperature distribution, and a rotat- 
ing disc with radial temperature distribution. 


On Theoretical Considerations of Plastic-Flow 
Criteria. W. Komkov. J. Aero/Space S¢i., 
June, 1960, pp. 477, 478. Presentation of equa- 
tions for a general theory of elasticity and plas- 
ticity, along with criteria for plastic flow behav- 
ior. 


A Note on Calculations Concerning the Plastic 
Compression of Thin Material Between Smooth 
Plates Under Conditions of Plane Strain. W. 
Johnson and I. E. McShane. Appl. Sci. Res., 
Sect. A, No. 2-3, 1960, pp. 169-176. 


Large Amplitude Oscillations of a Tube of 
Incompressible Elastic Material. J. K. Knowles. 
Quart. Appl. Math., Apr., 1960, pp. 71-77. An- 
alysis of the dynamic problem of axially symmet- 
ric oscillations of an infinitely long circular cylin- 
drical tube of incompressible elastic material. 
It is shown that periodic motions are possible for 
a large class of strain energy functions, and an 
expression for the period of oscillation is given in 
terms of the strain energy function. Explicit 
results are given for the strain energy correspond- 
ing to a material of the Mooney-Rivlin type. 


Stress Waves. H.F.L. Pinkney. Can. Aero. 
J., Apr., 1960, pp. 133-140. 17 refs. Discussion 
of dilatational and distortional stress waves, 
examining the reflection of these waves at a free 
boundary and some problems in seismology. The 
elementary solutions for longitudinal and tor- 
sional waves are derived, and some uses of stress 
waves are given. 


The Theory of Fracture of Solids. D. D. 
Ivlev. (Prikl. Mat. i Mekh., May-June, 1959, 
pp. 618-624.) PMM—Appl. Math. & Mech., 
No. 3, 1959, pp. 884-895. 24 refs. Translation. 
Investigation of the simplest phenomenological 
features of solids, using Gvozdev’s approach to 
formulate a theory of fracture of solids. The 
failure condition is formulated and interpreted. 

Nelineinaia Teoriia Vnutrennego Treniia. Ivo 
Babushka. Aplikace Matematiky, No. 4, 1959, 
pp. 303-321. In Russian. Analysis of the 
nonlinear theory of internal friction, for the 
case when the damping coefficient does not depend 
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IAS CORPORATE MEMBERS 


AC Spark Plug Division, General Motors 
Corporation 


Academy of Aeronautics 
Aerojet-General Corporation 
Aerolab Development Company 
Aeronca Manufacturing Corporation 
Aeronutronic Systems, Inc. 

Aeroquip Corporation 

Agawam Aircraft Products, Inc. 
Allied Research Associates, Inc. 
Allison Division, Genera! Motors Corporation 
Aluminum Company of America 
American Airlines, Inc. 

American Bosch Arma Corporation 


American Steel & Wire Division, United States 
Steel Corporation 


Amoco Chemicals Corporation 
Amphenol-Borg Electronics Corporation 
Anderson, Greenwood & Co. 

Arde Associates 

Associated Aviation Underwriters 
Automation Industries, Incorporated 
Avco Research Laboratory 

Avien, Inc. 

Beech Aircraft Corporation 

Bell Aircraft Corporation 

The Bendix Corporation 

Boeing Airplane Company 

Booz, Allen & Hamilton 


Bulova Research and Development Laboratories, 
Inc. 


Canadair, Ltd. 

The Cessna Aircraft Company 
Chance Vought Aircraft, Incorporated 
The Chase Manhattan Bank 

Chicago Aerial Industries, Inc. 

The Cleveland Pneumatic Industries, Inc. 
Continental Motors Corporation 
Cornell Aeronautical Laboratory, Inc. 
Curtiss-Wright Corporation 

Daniel, Mann, Johnson & Mendenhall 
The Decker Corporation 

Del Mar Engineering Laboratories 


Delco-Remy Division, General Motors 
Corporation 


Doak Aircraft Company, Inc. 

Douglas Aircraft Company, Inc. 

Dzus Fastener Company, Inc. 

Eastern Air Lines, Inc. 

Eaton Manufacturing Company 

Edo Corporation 

Elastic Stop Nut Corporation of America 
Engineering Supervision Company 

Fairchild Camera and Instrument Corporation 
Fairchild Engine and Airplane Corporation 
The Garrett Corporation 

General Applied Science Laboratories, Inc. 
General Dynamics Corporation 

General Electric Company 

General Precision Equipment Corporation 
G. M. Giannini & Co., Inc. 

Giannini Plasmadyne'Corporation 

The B. F. Goodrich Company 

Goodyear Aircraft Corporation 

Grumman Aircraft Engineering Corporation 
Hughes Aircraft Company 

Hydro-Aire Co. 

Insurance Company of North America Companies 
International Business Machines Corporation 
The International Nickel Company, Inc. 


ITT Laboratories, Division of International 
Telephone and Telegraph Corporation 


Janitrol Aircraft, A Division of Midland-Ross 
Corporation 


Johns-Manville Sales Corporation 

Walter Kidde & Company, Inc. 

Kollsman Instrument Corporation 

Lavelle Aircraft Corporation 

Lear, Incorporated 

C. W. Lemmerman, Inc. 

Librascope Division of General Precision, Inc. 
The Liquidometer Corporation 

Lockheed Aircraft Corporation 


Loewy-Hydropress Division of Baldwin-Lima- 
Hamilton Corporation 


The Marquardt Corporation 

The Martin Company 

McDonnell Aircraft Corporation 

Meletron Corporation 
Minneapolis-Honeywell Regulator Company 


National Credit Office, Inc. 
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North American Aviation, Inc. 

Northrop Corporation 

Nuclear Development Corporation of America 
Pan American World Airways, Inc. 


The Ralph M. Parsons Company 


Pesco Products Division, Borg-Warner 
Corporation 


Phillips Petroleum Company 
Piasecki Aircraft Corporation 


Radio Corporation of America 
Astro-Electronic Products Division 
Defense Electronic Products 


Ramo- Wooldridge Division, Thompson Ramo 
Wooldridge Inc. 


Republic Aviation Corporation 
Rohr Aircraft Corporation 


Paul Rosenberg Associates 


Ryan Aeronautical Company 
Sandberg-Serrell Corporation 

Shafer Bearing Division, Chain Belt Company 
Shell Oil Company 

Simmonds Precision Products 

Socony Mobil Oil Company, Inc. 

Solar Aircraft Company 

Southwest Products Co. 

Space Technology Laboratories, Inc. 

R. Dixon Speas Associates 


Sperry Gyroscope Company Division of Sperry 
Rand Corporation 


Standard Oil Company of California 
Standard Oil Company (Indiana) 


Standard-Thomson Corporation 
Clifford Manufacturing Division 


Stanley Aviation Corporation 
Thiokol Chemical Corporation 
Thompson Ramo Wooldridge Inc. 
Trans World Airlines, Inc. 

Turbo Products, Inc. 

Union Carbide Corporation 
United Air Lines, Inc. 

United Aircraft Corporation 
United States Aviation Underwriters, Inc. 
Vertol Aircraft Corporation 

Vitro Corporation of America 
Western Gear Corporation 
Westinghouse Electric Corporation 
Wyman-Gordon Company 


Young Radiator Company 
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on the frequency but on the amplitude. A numer- 
ical example is given. 


Transient Thermal Stresses in Viscoelastic 
Bodies. I. Witold Nowacki. Arch. Mech. 
Stosowanej, No. 5, 1959, pp. 649-669. 12 refs. 
Presentation of a method for the solution of dy- 
namic problems due to nonstationary temperature 
fields in viscoelastic bodies. 


Plates 


A Semi-Infinite Plate Acted on by a Concen- 
trated Force. F. Szelagowski. Acad. Pol. 
Sci. Bul., Tech. Sci. Ser., No. 2, 1960, pp. 77-82. 
Determination of stresses and displacements at 
any point of a semi-infinite plate acted on by a 
concentrated force at an arbitrary point inside 
the plate region, inclined to the rectilinear edge 
of the plate. 


General Form of the Surface of Deflection of a 
Thin Anisotropic Plate in a Multi-Connected 
Region. M. Suchar. Acad. Pol. Sci. Bul., 
Tech. Sci. Ser., No. 2, 1960, pp. 69-76. Pre- 
sentation of a solution for the homogeneous equa- 
tion of deflection of the middle plane occurring 
in the approximate theory of deflection of aniso- 
tropic plates, for the case of plates occupying 
multi-connected regions. 


The Problem of Deflection Surface of Rec- 
tangular Isotropic and Non-Homogeneous Plate. 
Z. Mazurkiewicz. Acad. Pol. Sci. Bul., Tech. 
Sci. Ser., No. 1, 1960, pp. 5-13. 14 refs. Pres- 
entation of a method for determining the equa- 
tion of the deformed surface of a thin isotropic 
plate, simply supported with variable flexural 
rigidity and loaded in an arbitrary manner per- 
pendicularly to the middle of the surface of the 
plate. 


Stresses in a Semi-Infinite Plate Containing a 
U-Type Notch Under Uniform Tension. 3 
pee Ing.-Arch., No. 5,.1959, pp. 285-294. 
10 refs. 


Rings 


Table for Thermal Stresses in Rings. Marvin 
Forray. J. Aero/Space Sci., June, 1960, p. 478. 
USAF-supported research. 


Sandwich Construction 


Single-Skin Sandwich for Hot Parts is Strong, 
Light. M. J. Breitenbach and Brooks Lake. 
(SAE Natl. Aero. Meeting, Los Angeles, Oct. 5-9, 
1959, Preprint 99T.) SAE J., Mar., 1960, pp. 
82-85. Abridged. Description of an all spot- 
welded foil-gage structural material for use at 
elevated temperatures, consisting of a single skin, 
corrugation-stiffened structure with strength 
equivalent to that of double-skin brazed sand- 
wich construction of equivalent weight. Sample 
= and some design problems are dis- 
cussed. 


Face Wrinkling and Core Strength in Sand- 
wich Construction. S. Yusuff. RAeS J., Mar., 
1960, pp. 164-167. Study of the effect of initial 
waviness on the wrinkling of faces in sandwich 
construction. Formulas are derived to deter- 
mine the failing stress when the faces wrinkle due 
to failure of the core in tension, compression, or 
shear. The importance of core strength require- 
ments in maintaining surface smoothness is noted. 


Local Instability of the Elements of a Truss- 
Core Sandwich Plate. M.S. Anderson. U.S., 
NASA TR R-30, 1959. 13 pp. Supt. of Doc., 
Wash., $0.20. Discussion of the stability cri- 
teria for single- and double-truss-core sandwich 
plates. Charts are presented which give the 
compressive buckling coefficient for local in- 
stability of a truss-core sandwich plate and which 
cover a wide range of sandwich proportions. 


Testing Methods 

A Study of Infra-Red Radiant Heating. R. 
Reymond. (Etabliss. Aéro. Toulouse GP Rep. 1, 
Etude 20 P, Apr., 1959.) Gt. Brit., RAE Lib. 
Transl. 836, Aug., 1959. 25 pp. Presentation of 
methods for determining the efficiency and re- 
sponse time of infrared heating installations of 
the type used to simulate kinetic heating of air- 
craft structures. Data are given on the efficiency 
of plane and cylindrical polished aluminum re- 
flectors and on the response time of Philips C. 
1076 infrared lamps. 


K Ekonomick§m Problémum Statickfch Zkou- 
Sek Letadlovgch Konstrukci. i Drexler and 
Richard Mare’. Zpravodaj VZLU, July-Aug., 
1958, pp. 4-12. In Czechoslovak. Discussion of 
various factors affecting the economic efficiency of 
Structural testing processes, such as the human 
factor, organization system, and complexity of the 
test specimen. 


Thermal Stress 


The Problem of Strain Accumulation Under 
Thermal Cycling. B. E. Gatewood. J. Aero/ 
Space Sci., June, 1960, pp. 461, 462. Presenta- 
tion of a method to account for strain growth 
occurring in a beam structure subject to tempera- 
ture-load cycling. The various aspects of the 
problem as to criteria for convergence and di- 
vergence of the strain accumulation are demon- 
strated by thermal-cycling of one element of a 
two-element structure. 


The Problem of the Non-Steady State Surface 
Nucleus of Thermoelastic Strain in an Infinite 
Elastic Body with a Spherical Cavity. W. Pie- 
chocki. Acad. Pol. Sct. Bul., Tech. Sci. Ser., No. 
1, 1960, pp. 1-4. 

A Note on Thermal Stresses in Hollow Cylin- 
ders. M. M. Stanisié and R. M. McKinley. IJng.- 
Arch., No. 4, 1959, pp. 227-241. Extension of 
solutions obtained by Trostel for the stress field 
in hollow cylinders with axial and rotational 
symmetry subjected to a steady-state tempera- 
ture field. A numerical method for obtaining 
higher accuracy is indicated. 


Thermodynamics 


Vapor-Liquid Equilibria of Ozone-Oxygen 
Systems. Ch. K. Hersh, R. I. Brabets, G. M. 
Platz, R. J. Swehla, and D. P. Kirsh. ARS J., 
Mar., 1960, pp. 264-266. Investigation to verify 
the l-atm vapor-liquid equilibrium curve and 
extend the data to a total pressure of 20 atm. 


The Thermodynamic Properties of Fluid 
Helium. R. W. Hill and O. V. Lounasmaa. 
Royal Soc. (London) Philos. Trans., Ser. A, Mar. 
31, 1960, pp. 357-395. 37 refs. Experimental 
investigation of helium in the temperature range 
from 3° to 20°K. and up to 100 atm pressure, 
ascertaining data from which all the thermody- 
namic properties may be calculated. The quali- 
ties measured are the specific heat at constant 
volume and the pressure coefficient at constant 
volume (0p/07T)v, both as a function of tem- 
perature and density; and the pressure as a func- 
tion of temperature at constant volume for a 
range of densities. The derivative (0p/07)», 
from which the changes of entropy and internal 
energy with volume at constant temperature are 
calculated, is measured directly by a differential 
method. 


Combustion 


Nonlinear Pressure Oscillations in a Com- 
bustion Field. Gerald Rosen. ARS J., Apr., 
1960, pp. 422, 423. ONR-sponsored study of the 
unsteady combustion of liquid propellant drop- 
lets entrained in a burned gas flow, in terms of an 
idealized mathematical model. The model is used 
to derive an associated equation for nonlinear 
pressure oscillations. 


Procedimento di Calcolo dell’Impulso e della 
Frequenza Ottenibili con la Combustione Pulsa- 
toria in Tubi. Dino Dini. U. Pisa Fac. Eng. 
Paper 836, 1958. 9 pp. Reprint. In Italian. 
Development of an approximate method for cal- 
culating the thrust and frequency of the pulsating 
combustion cycle in tubes. Numerical results 
show good agreement with experiment. 


Issledovanie Fakela Goreniia Gomogennoi 
Benzovozdushnoi Smesi v Turbulentnom Potoke. 
N. V. Kokushkin. AN SSSR Otd. Tekh. Nauk 
Izv. Energ.i Avtom., Sept.-Oct., 1959, pp. 177-182. 
In Russian. Study of the combustion of homo- 
geneous fuel-air mixtures in turbulent flow, and 
presentation of a method to measure the statis- 
tical characteristics of the shape of curved flame 
front surfaces and to determine the speed of 
propagation of this surface in relation to the mix- 
ture. 


O Vozmozhnom Mekhanisme Usileniia Slabykh 
Udarnykh Voin v Zone Turbulentnogo Goreniia 
(K Teorii Vysokochastotnykh Kolebanii Pla- 
meni). K. I. Shchelkin. AN SSSR Otd. Tekh. 
Nauk Izv. Energ. i Avtom., Sept.-Oct., 1959, pp. 
86-96. In Russian. Study covering the mech- 
anism of amplification of weak shock waves in 
the turbulent combustion zone observed in rocket 
power plants. 


Heat Transfer 


Heat Transfer. E. R. G. Eckert, J. P. Hart- 
nett, T. F. Irvine, Jr., and E. M. Sparrow. 
Ind. & Eng. Chem., Apr., 1960, pp. 327-339. 311 
refs. Survey of investigations done in the fields 
of conduction, channel and boundary-layer flow, 
flow with separated regions, transfer mechanisms, 
natural convection, convection from rotating sur- 
faces, combined heat and mass transfer, change 
of phase, radiation, liquid metals, low density 
heat transfer, measurement techniques, and 
heat-transfer applications. 


Heat Transfer in Laminar Flow Between Paral- 
lel Plates at Small Péclet Numbers. H.C. Agra- 


wal. Appl. Sci. Res., Sect. A, No. 2-3, 1960, 
p. 177-189. Analysis of the effect of heat dif- 
usion on the incident fluid for parabolic velocity 

distributions at small Péclet numbers. 


Forced Convection Heat Transfer to Gaseous 
Hydrogen at High Heat Flux and High Pressure 
in a Smooth, Round, Electrically Heated, Tube. 
J. R. McCarthy and H. Wolf. ARS J., Apr., 
1960, pp. 423-425. 


Convection in a Fluid at Supercritical Pres- 
sures. J. D. Griffith and R. H. Sabersky. ARS 

-» Mar., 1960, pp. 289-291. Description of in- 
vestigations made to observe visually the fluid 
motion in the neighborhood of the heating sur- 
face, to determine if any bubble-like motion is 
present, and to relate this motion to any sharp 
increases in the heat transfer rate. 


Measurements of the Heat Transfer Coef- 
ficient for Hydrogen Flowing in a Heated Tube. 
5. . Fowler and C. F. Warner. ARS J., 
Mar., 1960, pp. 266, 267. ONR-sponsored study. 

Steady Temperature Field in a Semi-Infinite 
Composite Plate. Vaclav Voditka. Appl. Sci. 
Res., Sect. A, No. 2-3, 1960, pp. 190-196. 


_ Heat Transfer by Laminar Flow from a Rotat- 
ing Sphere. S. N. Singh. Appl. Sci. Res., 
Sect. A, No. 2-3, 1960, pp. 197-205. Analysis 
of heat transfer associated with the velocity 
field found by Nigam when the rotating sphere is 
maintained at a uniform temperature all the time. 
The fluid is supposed to be viscous and heat- 
conducting, and the velocity and temperature 
fields are assumed to be steady. 


On the Effects of Sound Waves on Heat Trans- 
fer. J. P. Holman. ASA J., Mar., 1960, p. 
407. Discussion of the physical mechanism, as 
proposed by Westervelt, whereby heat transfer 
rates may be increased in the presence of intense 
sound fields. 


Experimental Results of a Heat-Transfer 
Study from a Full-Scale Pebble-Bed Heater. 
R. B. Lancashire, E. A. Lezberg, and J. F. Morris. 
U.S., NASA TN D-265, Mar., 1960. 22pp. 13 
refs. Presentation of data obtained from the ini- 
tial operation of a large regenerative pebble-bed 
heat exchanger. The facility, designed to pro- 
duce high-temperature air for hypersonic flight 
research, is described in detail. The heat-transfer 
analysis and results are presented and compared 
with those of other investigators. 


Laminar Heat Transfer Between Parallel 
Plates with an Unsymmetrically Prescribed Heat 
Flux at the Walls. R. D. Cess and E. C. Shaffer. 
Appl. Sci. Res., Sect. A, No. 1, 1959, pp. 64-70. 
Presentation of the first four odd eigenvalues and 
constants, as well as asymptotic expressions for 
these quantities, for laminar heat transfer. 


VTOL & STOL 


Towards Still Shorter Takeoffs and Landings. 
D. H. Henshaw. Can. Aero. J., Apr., 1960, 
pp. 119-122. Review of a four-year STOL 
research program, covering such aspects as aero- 
dynamics, performance and stability, and flight 
testing. A modified version of the Otter air- 
craft was used as the most suitable test vehicle for 
studying the dynamic problems associated with 
STOL flight. 


The Cost of VTOL. K. B. Gillmore. (JAS 
28th Annual Meeting, New York, Jan. 25-27, 
1960, Paper 60-43.) AHS J., Apr., 1960, pp. 
13-19. Review of the differences between fixed- 
wing and tilt-wing aircraft as they affect empty 
weight. The analysis yields charts which indi- 
cate the conditions under which fixed- and tilt- 
wing aircraft will have equal empty weight and 
performance. 


Helicopter and VTOL Aircraft: Criteria for 
Control and Response Characteristics in Hovering 
and Low-Speed Flight. R. J. Tapscott. Aero/ 
Space Engrg., June, 1960, pp. 38-41. Applica- 
tion of previously derived results, including those 
obtained on a conventional single-rotor helicopter 
(Sikorsky S-51) for control power and damping, 
as criteria for handling qualities in hovering and 
low-speed flight. 


Endurance and Range of Jet-Supported and 
Jet-Propelled VTOL Aircraft. G. J. Sissingh. 
AHS J., Apr., 1960, pp. 31-35. Development of 
charts that can be applied to any mission con- 
sisting of an arbitrary number and sequence of 
hovering and forward flight conditions, including 
the transfer of loads. It is assumed that within 
each individual segment of flight, the specific fuel 
consumption remains constant, but may change 
from one segment of flight to another. 


6 Ways to Lift an Air Cushion Vehicle. SAE J., 
Mar., 1960, pp. 26-29. Abridged. Discussion 
of the techniques of keeping a positive air pres- 
sure under the recently developed vehicles which 
move by sliding over a cushion of air. Three 
of the techniques aim to produce an air seal at 
the edge of the vehicle, two allow a limited leak- 
age, and one uses the forward motion of the ve- 
hicle to ram air under it. 
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REVIEWS OF 


. . in the field of aeronautical engineering 


and space technology 


CATALOGS 


Aero/Space Engineering Catalog, 1960. Bev- 
erly Dodge, Editor. 16th Ed. New York, 
Institute of the Aeronautical Sciences, Inc., 
1960. 290pp. $7.50. 

This directory of products and their manu- 
facturers is published annually by the IAS to 
serve the aerospace requirements of engineering 
and procurement departments in their considera- 
tion and selection of suppliers and subcontractors 
for their products. In the Principal Manu- 
facturers section, the addresses and general 
product résumés of some 2,900 companies are 
included. The Products Directory contains well 
over 40,000 entries arranged under some 2,200 prod- 
uct headings; it is cross-indexed to assist the user. 
In addition, the directory contains an Index to 
Catalogs giving an alphabetical listing of firms 
whose catalogs, ranging from single-page units 
to multiple-page inserts, appear in the Manu- 
facturers’ Catalogs section of this ed‘tion. 


DICTIONARIES 


Elsevier’s Telecommunication Dictionary in 
Six Languages: English/American, French, 
Spanish, Italian, German, and Dutch. Compiled 
by A. Visser. Amsterdam, Elsevier Publishing 
Co.; Princeton, N.J., D. Van Nostrand Co., 
Inc., 1960. 1011 pp. $27.50. 

The first edition of this dictionary was pub- 
lished in 1955 by the Netherlands General Post 
Office for its own staff. The 9,928 entries are 
arranged alphabetically on an English alphabet- 
ical base. The equivalents in French, Spanish, 
Italian, German, and Dutch are then given. 
Following this basic table are alphabetical lists 
for each language, each word being numerically 
keyed to the basic table. 


ELECTRONICS 


The Technology of Printed Circuits; The Foil 
Technique in Electronic Production. Paul 
Eisler. New York, Academic Press, Inc., 1959. 
405 pp. $12. 

Contents: (1) The Basic Story of Printed 
Circuits. (2) The Confused Start of a New 
Technology. (3) The Principles of Method 
Selection and the Foil Technique. (4) Watch- 
ing Printed Circuit Production. (5) From the 
Drawing to the Photo-Stencil. (6) Litho Print- 
ing. (7) Photomechanical Printing Processes. 
(8) Plating and the Foil Technique. (9) Ancillary 
Operations. (10) Laboratory Routine. (11) 
Design. (12) Conventional Components for 
Assembly with Printed Circuits. (13) Printed 
Circuit Trouble Shooting. (14) Automatic 
Assembly in the Electronics Industry. (15) 
Regeneration of Ferric Chloride. (16) Weight 
Saving and Heat Dissipation. (17) Miniaturiza- 
tion. (18) Printed Components. (19) Micro- 
wave Printed Circuits: A Short Survey. (20) 
Printed Circuits and the Electronics Industry. 
Appendix 1: Examples of Commercially Available 
Adhesives for Foil Bonding. Appendix 2: 
The Control of Strength of Etching Solutions. 
Appendix 3: Double Layer Process. Appendix 
4: Plating Solutions and Some Principles of 
the Automatic Plating Plant. Appendix 5: 
Description of R.C.A. Programmed Punching 
Machine. Appendix 6: Approximate Analysis 
of the Characteristic Impedance of Flat-Strip 
Transmission Lines. Appendix 7: Charac- 
teristics of Flat-Strip Transmission Lines of 
Importance in Applications. Bibliography of 
Printed Circuits (481 references, annotated). 
Author Index. Subject Index. 


Electronic Circuits, Signals, and Systems. 
Samuel J. Mason and Henry J. Zimmerman. 
New York, John Wiley & Sons, Inc., 1960. 
616 pp. $12.50. 

This is the companion volume to Electronic 
Circuit Theory, by Zimmerman and Mason, 
published in 1959. It presents methods suitable 
for handling more general circuits, with more 
general signals applied. These methods form an 
introduction to system theory. More specifically, 
Chapters 2-5 are concerned with matrix, topo- 
logical, and signal-flow-graph methods of circuit 
analysis. Chapter 6 introduces Fourier theory 
and applies it to the description of signals, in- 
cluding some random signals. Chapter 7 uses 
amplifier circuits to illustrate the transmission of 
signals through linear systems, with transform 
techniques and convolution providing the basic 
mathematical tools. Chapter 8 applies the fore- 
going material to nonlinear and time-varying 
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linear systems. Chapter 9 brings both the 
analytical and the topological methods to bear 
upon simple systems that exploit the negative- 
feedback concept. 

The authors are Professors of Engineering, 
M.I.T., and staff members of the Research Lab. 
of Electronics. 


Quantum Electronics; A Symposium. Edited 
by Charles H. Townes. New York, Columbia 
University Press, 1960. 606 pp. $15. 

This volume contains the 67 papers and the 
discussions presented at the ONR-sponsored 
Conference on Quantum Electronics—Resonance 
Phenomena held at Shawanga Lodge, High View, 
N.Y., on September 14-16, 1959. Recent 
developments in masers, atomic clocks, para- 
magnetic resonance, optical pumping, parametric 
amplifiers, the application of very sensitive 
amplifiers to radio astronomy, and quantum ef- 
fects in amplifiers and communications are 
presented to give a comprehensive view of 
current research. 


FLUID MECHANICS 


The Scientific Papers of Sir Geoffrey Ingram 
Taylor; Vol. 2, Meteorology, Oceanography, and 
Turbulent Flow. Edited by G. K. Batchelor. 
Cambridge, at the University Press; New York, 
Cambridge University Press, 1960. 515 pp. 
$14.50. 

This second volume is the first of three to be 
devoted mostly to work on the mechanics of 
fluids and contains 45 papers that have appeared 
in many scientific journals and reports published 
in Great Britain, France, Germany, and the 
United States. The phenomenon of turbulence 
and its effects provide the main theme of this 
volume, but it also contains a wide range of 
geophysical investigations. Diffusion in the 
atmosphere, formation of fog, tidal friction, tidal 
oscillations in gulfs, oscillations of the atmos- 
phere, stability of stratified fluids, and convection 
from maintained and instantaneous sources have 
all engaged Taylor’s attention at some time, and 
to each of these problems he has made a contribu- 
tion. Some of the early papers on meteorology 
show clearly how he evolved the ideas that led 
to his well-known work in the 1930’s on the 
statistical theory of turbulence. 


LAWS & REGULATIONS 


Aircraft Mortgage in the Americas; A Study 
in Comparative Aviation Law, with Documents. 
S. A. Bayitch. (University of Miami School of 
Law Interamerican Legal Studies, No. 5, 1960.) 
Coral Gables, Fla., University of Miami Press, 
1960. 159 pp. $4.75. 


MATHEMATICS 


Operational Calculus. Jan Mikusifiski. War- 
saw, Patistowe Wydawnictwo Naukowe; New 
York, Pergamon Press, Inc., 1959. 496 pp. 
$15 


To date there have been four editions of this 
book: the first in Polish (Warsaw, 1953), the 
second in Russian (Moscow, 1954), the third in 
German (Berlin, 1957), and the fourth in Polish 
(Warsaw, 1957). This first English edition was 
translated from the second Polish edition and 
has been enlarged, primarily by the addition of 
an appendix of 112 pages containing (1) the 
proofs of theorems omitted in the earlier editions, 
(2) new results in operational calculus obtained 
since the publication of the first edition, (3) a 
discussion of the relations between operational 
calculus and other branches of mathematics, and 
(4) problems as yet unsolved. 

In this book operators are introduced algebra- 
ically as kinds of fractions. They are a generali- 
zation of the concept of numbers; operations 
on them are performed in the same way as 
operations on numbers. This treatment is 
simpler and more general than those based upon 
the Laplace transform and can be understood 
by readers who are not acquainted with the 
theory of analytic functions. The author, a 
professor at the University of Warsaw, has 
prepared the book with the needs of both the 
engineer and the mathematician in mind. 


NUCLEAR ENERGY 


Soviet Nuclear Propulsion (Iadernye Dviga- 
teli). Perel’man. (Moscow, Izd-vo 
“Znanie,” 1958.) Washington, Triumph Publish- 
ing Co.,1960. 46pp. $2.85 
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Among the topics discussed in this booklet for 
the general reader are nuclear engines, ships, 
and submarines, nuclear rail and land transporta- 
tion, and aircraft and rocket nuclear propulsion. 


Nuclear Power Plant. E. Openshaw Taylor, 
Nev York, Philosophical Library, Inc., 1960, 
184 pp. $7.50. 

This book opens with an account of world 
energy requirements and resources. It goes on to 
deal with nuclear and reactor physics, types of 
reactors, reactor engineering, instrumentation 
and control, and the economics of nuclear stations, 
The appendixes contain tables of elements, 
information on the mean free path of neutron 
travel and on reactor theory, and a chronology 
of nuclear power. 


Nuclear Fusion. Edited by William P, 
Allis. (The Second Geneva Series on the Peace. 
ful Uses of Atomic Energy.) New York, D, 
Van Nostrand Co., Inc., 1960. 488 pp. $12.50. 

This volume contains the most significant 
ideas on fusion as presented at the 1958 con- 
ference in Geneva by contributors from eleven 
nations, including the U.S.S.R., Poland, and Ru- 
mania. The first chapter contains survey papers 
on controlled thermonuclear research carried 
out in the United States, Great Britain, and the 
Soviet Union; the next four discuss general 
plasma properties, including diagnostics, waves, 
equilibrium, and stability and dynamics. The 
final six chapters describe the several types of 
thermonuclear machines currently in service: 
stellarators, pyrotrons, ring discharge devices, 
injection machines, and sustained and dy- 
namic pinches. The concluding appendix contains 
a listing of all the papers presented at the Second 
Geneva Conference. References are given at 
the end of each chapter. The editor is with the 
Physics Dept., M.I.T. 


RESEARCH 


Science and Engineering in American In- 
dustry; Report on a 1956 Survey. Prepared for 
the National Science Foundation by the US. 
Department of Labor, Bureau of Labor Statistics. 
(NSF 59-50.) Washington, Supt. of Docs., 
1959. 116pp. $0.70. 

This report presents the results of a comprehen- 
sive survey of funds and personnel for industrial 
research and development. 


SPACE TRAVEL 


Proceedings of the Manned Space Stations 
tan Angeles, Calif., April 20-22, 
1960. Sponsored by the Institute of the Aero- 
nautical Sciences with the cooperation of NASA 
and The RAND Corporation. New York, 
IAS, 1960. 322 pp. $10 (IAS Members, $5.00). 

Contents: Manned Space Flight—Present 
and Future Steps, Robert R. Gilruth and H. 
Kurt Strass. The Military Test Space Station, 
Lowell B. Smith. Atmospheric Entry of Manned 
Vehicles, C. Gazley, Jr. Design Criteria and 
Their Application to Economical Manned Satel- 
lites, H. H. Koelle, E. E. Engler, and_ J. W. 
Massey. A Modular Concept for a Multi-M anned 
Space Station, S. B. Kramer nd R. A. Byers. 
Manned Scientific Orbital Laboratory, M. 
Stoiko, G. G. Kayten, and J. W. Dorsey. Some 
Factors Influencing the Selection of a Manned 
Space Station Concept, J. H. Doss and L. J. 
Montague. Crew Requirements for an Orbiting 
Space Station, R. H. Lowry. Work and Living 
Requirements for Manned Space Stations, F. A. 
Payne. Gravity Problems in Manned Space 
Stations, C. C. Clark and J. D. Hardy. Man's 
Contribution to an Operational Space Station 
Concept, M. A. Grodsky and R. D. Sorkin. Pro- 
gram Costs for a Manned Space Station, R. H. 
Lundberg and T. E. Dolan. Satellite Astronom- 
ical Observatories, Nancy G. Roman. Structural 
Implications of the Ionizing Radiation in Space, 
Norris F. Dow. Design of an_ Operational 
Ecological System, E. B. Konecci and N. E. 
Wood. Orbital Rendezvous and _ Guidance, 
Ernest A. Steinhoff. Rendezvous in Space— 
Effects of Launch Conditions, N. V. Petersen 
and R. S. Swanson. Ascent Guidance for a 
Satellite Rendezvous, T. B. Garber. A Guidance 
Technique for Achieving Rendezvous, Pp. G. 
Felleman and N. E. Sears, Jr. Manned Control 
of Orbital Rendezvous, E. Levin and J. Ward. 
Inflatable Manned Orbital Vehicles, J. W. 
Carter and B. L. Bogema. The Role of Dame 
ing in Space Structures, C. W. Coale. 
Structural Approach to the Thermal Contro 
of Space Vehicles, Peter E. Glaser. A Comparison 
of Nuclear and Solar Power Systems for Manned 
Space Stations, W. C. Cooley. Integrated Ther- 
modynamic Systems for Manned Space Stations, 
M. G. Del Duca, A. D. Babinsky, and F 
Miraldi. Utilization of Plasma Cell Energy 
Conversion in Nuclear Reactors, W. A. Ranken 
and T. G. Frank. A Circulating Dust-Fueled, 
Radiation-Cooled Space Power Reactor, W. R. 
Corliss. The Use of Chemical Power Systems 
in the Construction, Servicing, and Operation of 
Manned Space Stations, H. J. Howard and R. M. 
Laughlin. Methods of Attitude Sensing, Robert 
E. Roberson. Comparison of Some Actuation 
Methods for Attitude Control of Space Vehicles, 
W. Haeussermann. Attitude Control of 4 
Space Vehicle by a Gyroscopic Reference Unit, 
M. L. Chatkoff and L. G. Lynch. Attitude and 
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Flight Path Control for a Space Station Supply 
Vehicle, J. Stalony-Dobrzanksi and O. Imai. 
Gaseous Environment and Ecological Systems, 
C. J. Lambertsen. 


Artificial Earth Satellites; Vols. 1 and 2. 
Edited by L. V. Kurnosova. Translated ‘om 
Russian. (Iskusstvennye Sputniki Zemli; Mos- 
cow, Izdatel’stvo Akademii Nauk 1m 
1958.) New York, Plenum Press, Inc., 1960. 
107 pp. $9.50. 

Volume 1 of this work explores the data 
obtained by the first two Soviet satellites to 
orbit the Earth during the period from Oct. 
4, 1957 to April 14, 1958. Data collected on the 
dog Laika are also presented. Volume 2 contains 
the results of scientific investigation carried out 
with the third satellite, as well as work with 
rockets. These articles are the revised texts of 
the reports presented at the Fifth Assembly of 
IGY Committee, Moscow, Aug., 
195 

The Other Side of the Moon. Translated from 
the Russian by J. B. Sykes. Issued by the 
U.S.S.R. Academy of Sciences. London, New 
cee. Pergamon Press, Inc., 1960. 36 pp. 
2.50. 


The results of a preliminary study of the 
photographs made from the lunar probe launched 
in the Soviet Union on Oct. 4, 1959. This 
book contains reproductions of photographs and 
information on the design of the automatic 
interplanetary station, its orbit around the 
Earth and the Moon, the photograph and image 
transmission employed, and the features noted 
in the photographs. 


STRUCTURES 


Fundamentals of Stress Analysis. Albert 
Deyarmond and Albert Arslan. 2nd Ed. Los 
4 pe Aero Publishers, Inc., 1960. 256 pp. 


This edition covers the basic concepts of 
structural analysis, with an introduction to the 
basic theories of different types of beams, trusses, 
and columns. It contains numerous practical 
examples as they apply directly to wings, fuse- 
lages, and missile shell analysis. An extensive 
appendix contains formulas, tables, and other 
data pertaining to structural shapes and materials, 


THERMODYNAMICS 


Flames; Their Structure, Radiation and 
Temperature. A. G. Gaydon and H. G. Wolf- 
hard. 2nd Rev. Ed. New York, The Mac- 
millan Co., 1960. 383 pp. $14. 

As in the first edition which appeared in 1953, 
the aim of the present volume is to give a fairly 
advanced discussion of a part of combustion 
that is concerned with stationary flames, with 
the emphasis on the physical rather than the 
chemical viewpoint. Chapter 14 is now chiefly 
concerned with rocket-type fuels (e.g., boron, 
fluorine and nitrogen compounds). Chapter 15, 
devoted to recent progress on flame problems, 
has also been completely rewritten. References 
to over 200 new papers have been added. Dr. 
Gaydon is with the Chemical Engineering Dept., 
Imperial College, London; Dr. Wolfhard is 
Manager, Physics Dept., Reaction Motors Div., 
Thiokol Chemical Corp. 


VIBRATION 


Theory of Mechanical Vibration. Kin N. 
Tong. New York, John Wiley & Sons, Inc., 
1960. 348 pp. $9.75. 

This book is the outgrowth of lecture notes for 
a course given to beginning graduate students 
and qualified seniors and is primarily a text- 
book, although some utility as a reference volume 
is also intended. 

Chapter 1 treats systems having a single 
degree of freedom. All the basic concepts 
pertaining to mechanical vibrations are presented, 
with the exception of vibration modes. Chapter 
2 introduces the concept of vibration modes in a 
multidegree-freedom system, using a system with 
two degrees of freedom as a simple model. By 
means of matrix algebra and generalized co- 
ordinates, Chapter 3 extends the results pre- 
viously obtained. In this way this chapter also 
lays the foundation for the solution of vibration 
problems on digital computers and provides an 
heuristic picture of what is to follow. Chapter 
4, the final chapter, discusses the vibration of 
continuous media. The book closes with an 
outline of matrix algebra employed in the linear 
transformation of vectors. 

The author is Professor of Mechanical Engi- 
Reering, Syracuse University. 
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For information on 
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see page 59. 


electrical or mechanical engineers 


INTERESTING 
DIVERSIFIED 
POSITIONS 


Honeywell introduced the first successful autopilot of World War II— 
the C-1. Since then we have produced more flight control systems than 
any other company. Today we are engaged in producing the automatic 
flight control system and the rate stabilization control system for Project 
Mercury, the flight reference system for the Titan, the solid state autopilot 
for the F-104, and the adaptive autopilot which controls flight through 
aerodynamic surfaces and reaction nozzles for the X-15. 

One result of our X-15 Adaptive Autopilot effort has been the creation 
of a permanent reaction control system and development section which 
has been assigned to our Components Design Department. 

Because of our expansion in this area we now have openings for 
engineers with the following background and experience. 


REACTION CONTROL 
SYSTEMS ENGINEERS 


Requires background in missile propulsion systems analysis as it relates 
to reaction controls. Must be able to establish reaction control require- 
ments by analysis of vehicle dynamics and have an understanding of 
propellant fuels and oxidizers for specific systems; handle heat transfer 
problems to optimize and compare several concepts for a given duty 
cycle; determine optimum over-all performance characteristics, thrust 
response with given inputs, and chamber pressure and oxidizer-fuel ratios 
for various nozzle heat sink designs; assist on all proposal efforts requiring 
propulsion system analysis. 


REACTION CONTROL 
DEVELOPMENT ENGINEERS 


Requires background in rocket engine design, specifically bipropellant 
type. Must be capable in valving design techniques for injection mixing, 
oxidizer to fuel ratio adjustment, positive shut-off and valve actuation 
methods, determining thrust at sea level and vacuum with various fuels 
and combustion chamber designs. Must have working knowledge of high 
temperature materials and materials compatible with exotic fuels and 
oxidizers; ability to determine the optimum configuration (nozzle, valves, 
torque motor, injectors, etc.) for given applications; ability to work with 
design and layout draftsmen, model makers, and evaluation engineers in 
following through with a design development. 


If you are a qualified engineer, we would like to hear from you. Just drop 
a line including pertinent information on your background, interests, and 
accomplishments to Mr. James D. Burg, Dept. 732A, Honeywell Aeronautical 
Division, 1433 Stinson Blvd. N.E., Minneapolis 13, Minn. 


Honeywell 


To explore professional opportunities in other Honeywell operations coast 
to coast, send your application in confidence to H. K. Eckstrom, Minne- 
apolis 8, Minnesota. 
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BIG THINGS ARE HAPPEN- 
ING AT BOEING, WICHITA 
AND WE NEED THE MEN 
TO MATCH THEM. particutarty 


in the area of New Product Design. We are 
looking for Senior Engineers who can step 
right into the most challenging opportunities 
in our history. One of them may be you. 

w If you’re the kind of man with a truly in- 
ventive turn of mind. 

w@ If you have really big ideas about end prod- 
ucts and processes. 

mw If you can sense the challenge in joining 
one of the world’s largest companies in an 
accelerated diversification push... 

YOU BELONG WITH BOEING » WICHITA. We 
invite you to write in confidence to Mr. Melvin 
Vobach, Dept. A7, Boeing Airplane Co., 
Wichita, Kansas. 


BOEING (WICHITA 
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